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One Selling Point 
You Needn't Cover 
: Style, riding comfort, 
, gas Consumption, 
gs (Non-Gran ) 
axles, brakes, tires. 
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ye may emphasize the strong selling features —the 
individual characteristics peculiar to your car—but the 
non-adjustable bearings—the hidden, wear-subjected parts 
—need no explanation if they’re made of Non-Gran, the 
superior friction-resisting bearing bronze. 

Non-Gran keeps cars “new” for a longer period — insures 
smooth, quiet power—builds up good will by putting tear- 
down dates for Ses hanes renewals on an indefinite high mile- 
age basis. 


The superiority of Non-Gran over other bearing bronzes lies 
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in its ability to resist the wear of friction longer. Non-Gran’s 
closely knitted interlocked molecules make it tougher, 
denser and less granular—its structure wears slowly—pro- 
longing the bearing service life of the car thousands of miles 
beyond the point where cheap and inferior bronzes would 
disintegrate. 


Non-Gran is uniform physically and chemically—free from 
flaws, sand holes, air or gas pockets—a bronze which can 
always be depended upon to duplicate its own wear- 
resisting performance. 


Write for list of prominent automotive builders, such as Locomobile, Mercer, Haynes, Kissel 
and Chandler who use and endorse Non-Gran; also, for copies of the Non-Gran Booklets. Er Aaddrena: 


AMERICAN BRONZE CORPORATION 


PENNSYLVANIA 


District Offices 
348 Tremont Bldg., Besten, 44 People’s Gas Building, 34 Leeder-News Building, 
Mass. Culeage, Tl. Clereiand, 0. 
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John O’ Neill 7a Sydney, 

Suers. de L. Villamil & Co Perto Rico 
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Coming Meetings of the Society 


war taught all of us the value of collective reason- 

ing. We learned to our mutual advantage that 
the other fellow’s way of accomplishing a production or 
engineering result oftentimes excelled our own. The end 
of the war fortunately did not mark the end of the 
appreciation of this fact, nor the complete cessation of 
the trading of experience between men of influence in 
the automotive industry, but the disbanding of ordnance, 
aviation and similar Government boards and committees 
has limited the opportunity for contact between men in 
the same industrial work. 

One paramount agency remains to foster the practice 
of collective reasoning for the advancement of automo- 
tive engineering and its related industrial sciences. That 
agency is the Society of Automotive Engineers. The 
technical meetings of the Society provide the oppor- 
tunity for the exchange of practice and experience so 
vital to all of us during these troublous times of recon- 
struction and economic readjustment. The papers pre- 
sented at our meetings serve primarily to introduce a 
topic for discusgjon. It is the verbal exchange of opinion, 
the submission of constructive criticism and the con- 
tribution of individual experience, following the presen- 
tation of the papers, which excite the greatest interest 
among our membership. Personalities are an important 
phase of this discussion which cannot be incorporated in 
the record of the meeting as published in THE JOURNAL. 
It is the personal contact with the other members of our 
profession which fosters frank expression. Members of 
the Society who have actively participated in the meet- 
ings and discussions in the past have learned to appre- 
ciate that this personal contact with its attendant ex- 
change of thought accomplishes in a few days a com- 
prehensive understanding of important automotive en- 
gineering problems which other agencies cannot reach 
in a narrow way in months. Performance of this valu- 
able service in the past particularly emphasizes the im- 
portance and value of the coming winter meetings of the 
Society which find us in the midst of a period of read- 
justment and doubt wherein the engineer must accept a 


major responsibility for the future stabilizing of the 
industry. 


4k: spirit of cooperation so greatly fostered by the 


ANNUAL MEETING 


The Annual Meeting of the Society occurs during the 
week of the New York Automobile Show as in the past, 
the dates being Jan. 11 to 18. The program of pro 


fessional sessions which has been arranged to cover those 
subjects considered of greatest vital interest at this time 
follows: 
TUESDAY, JAN. 11 

Morning and Afternoon—Standards Committee Meet- 

ing 
WEDNESDAY, JAN. 12 

Morning—Business Session 

Discussion—The Engineer’s Place in Industry 

Afternoon—Body Engineering Session 

Aeronautic Session 


THURSDAY, JAN. 13 
Morning—Fuel Research Session 
Afternoon—Fuel Research Session 
Highways Session 
Chassis Design for Fuel Economy Session 


After the business session on Wednesday morning there 
will be a discussion of the part the automotive engineer 


must play in the industry. The Body Engineering and 
Aeronautic Sessions will be conducted simultaneously in 
the afternoon, this innovation in the meetings of the 
Society coming as the natural result of the increased 
activity and broader scope of the organization. The 
body engineers are showing intense interest in their 
session and it is probable that it will become an annual 
affair recognized as the style forum of their profession. 
The program for the Aeronautic Session is complete and 
will accentuate the development of commercial aviation 
along both lighter and heavier-than-air lines. The de- 
velopments in airplane design during the past year will 
be outlined. Vice-President Glenn Martin will preside 
at the Aeronautic Session. 

The Fuel Research Session, with President J. G. Vin- 
cent presiding, will occupy both Thursday morning and 
afternoon. The interest in this subiect is so general 
and the development so great that one session will hardly 
enable the proper consideration to be given it. Past- 
President C. F. Kettering, whose experiments -in fuel 
chemistry and physics of combustion have been watched 
with interest during the summer, will present his con- 
clusions before the morning session, his talk, with the 
discussion, requiring that entire meeting. In the after- 
noon Dr. H. C. Dickinson of the Bureau of Standards 
and others will cover various phases of the fuel topic. 
The Chassis Design for Fuel Economy Session plans are 
as yet incomplete. H. M. Crane will act as chairman of 
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this session which is expected to encourage more con- 
centrated study of the reduction of power loss and waste 
beyond the engine. Past-President Herbert W. Alden will 
preside at the Highway Session, which will be devoted 
to the consideration of better highway construction for 
permanency and the best plan of cooperation in this 
work for the automotive engineer to follow. 

The Annual Dinner at the Hotel Astor, Thursday, Jan. 
13, will maintain the prestige set in previous years filling 
the large ballroom to capacity. The Carnival announce- 
ment will soon reach the members but will disclose little 
of the character of this year’s affair, which H. G. 
McComb, chairman of the committee, wishes to conceal. 
Wednesday evening, Jan. 12, is Carnival Night in the 
Astor ballroom, which will be especially prepared for 
the occasion. Application blanks for both the Dinner 
and Carnival tickets have been mailed, and members are 
urged to give these immediate attention. 


Moror Boat MEETING 


The Motor Boat Meeting, the first meeting of the 
winter, will be held at the Automobile Club of America, 
New York City, Tuesday evening, Dec. 14. The national 
Motor Boat Show will be in progress during this week 
at the Grand Central Palace, and automotive engineers 
interested in motor boats will have an opportunity to 
inspect the more recent developments in that field. The 
Metropolitan and Philadelphia Sections are joining with 
the Society in the preparations for the Motor Boat Meet- 
ing, the former having arranged an inspection trip 
through a boat and engine factory in the vicinity of New 
York City on Tuesday afternoon. This inspection tour 
will constitute the December meeting of the Metropolitan 
Section. 

The Motor Boat Dinner will be informal in character 
and Vice-President C. A. Criqui, representing the motor 
boat membership of the Society, will preside. Mr. Gar- 
field Wood and William B. Rogers, Jr., will be the dinner 
guests, the latter giving a short talk on the Standardized 
Boat and the Motor Boat Industry. The program for 
the technical session which follows the dinner will be 
devoted to both the pleasure and commercial types of 
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motor boat and the heavy-oil and gasoline engines. It 
is planned to encourage an open discussion of the prob- 
able developments upon which the motor boat engineer 
must concentrate during the coming year. 

The National Association of Engine and Boat Manu- 
facturers has arranged a very large and representative 
motor boat dinner on Thursday of the same week. The 
American Power Boat Association is combining with it, 
and our members are also urged to attend. This meeting 
of the builder with the motor boat owner, which is a new 
venture, deserves commendation and support, for it is cer- 
tain to accomplish a better understanding of each group’s 
problems by the other. Reservations for both of these 
dinners can be made by mailing a check to the Society 
office. The tickets for the S. A. E. dinner are $3 each. 


Co._umBus Tractor MEETING 


The interest of the members in the technical sessions 
to be held during the week of the National Tractor Show 
at Columbus, Ohio, has resulted in arrangements being 
made by the Meetings Committee to hold a morning and 
afternoon tractor meeting on Thursday, Feb. 10. Pro- 
grams for these two meetings are now being arranged 
and the tractor engineers are urged to submit suggested 
topics and authors for consideration by the committee. 
The annual Tractor Dinner will be given at the Hotel 
Deshler on Thursday evening following the professional 
sessions. 

The members’ attention is again called to the proba- 
bility of serious hotel congestion during the automotive 
shows in the cities where the winter meetings are to be 
held. This applies particularly to Columbus, and the 
filing of reservations with the hotels should receive 
prompt attention. 

CuicaGo MEETING 

Plans are about complete for the Chicago Meeting. 
There will be morning and afternoon technical sessions 
on Wednesday, Feb. 2, which is during the Chicago Auto- 
mobile Show week. The annual Chicago dinner will be 
held at the Hotel Morrison on the evening of the same 
day. 


AVIATION PARACHUTE 


HE parachute used by aviators is folded snugly inside 

a pack carried on the back. The operator steps off, 
allows himself a couple of seconds to fall clear of the ma- 
chine, then pulls a wire depending over his shoulder. This 
wire opens the spring doors of the pack and releases a small 
pilot chute about 2 ft. in diameter. The pilot springs open 
automatically and catching the rush of air, draws the main 
chute from the pack. In the top of the main chute is an 
automatic vent which, opening to a width of 5 ft. when the 
big parasol first unfolds, gives the air compressed within a 
chance to escape and lessens the danger of blowing the chute 
apart. When the fall has been checked rubber springs or 


shock-absorbers in the vent close it in until but a small hole 
remains. At the atmospheric pressure wherein most para- 
chute drops from ordinary altitudes are made the speed at- 
tained by the operator in 2 sec. fall is sufficient to create 
enough pressure under the pilot chute to cause it when re- 
leased to yank the big one at once from its pack. Usually 
the operator is descending at normal speed after falling less 
than 200 ft. However at great altitudes the atmosphere has 
not sufficient effect on the pilet chute until the operator has 
fallen a great distance and attained a terrific speed. The 
shock when the parachute does open is severe with a chance 
of the silk flying into ribbons.—Air Service News Letter. 


AUGUST GASOLINE PRODUCTION 


ys production of gasoline in August was the highest 
since December, 1917, according to statistics compiled 
by H. F. Mason, petroleum economist of the Bureau of Mines. 
The daily average for the month was 14,327,143 gal. Stocks 
of gasoline at the refineries on Aug. 31 amounted to 18 days’ 
supply compared with 33 and 23 days in 1919 and 1918. 


The number of refineries that operated in August was 
322, an increase of 11 over July. The average daily capacity 
of the refineries in operation in August was 1,671,495 bbl. 
of crude oil compared with a daily capacity for July of 
1,637,145 bbl. For August, 1919, the daily capacity of the 
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ducting a research into the behavior of various 

fuels during combustion. This is merely one phase 
of the fuel problem. We consider it a fairly important 
phase and have spent some time in trying to find out 
what happens inside the cylinder of an engine during 
and following the combustion period. I will review brief- 
ly some of the salient points in the fuel problem proper, 
which has more of an economic than an engineering na- 
ture, although engineering must be applied in its solution. 
This is the age of applied power. Mankind has learned 
within the last 100 years how to apply natural forces 
that, as history shows us, previous generations did not 
utilize. At present 75 per cent of this power is applied 
by the internal-combustion engine. This is a glowing 
tribute to the genius of the automotive engineer. 

Power from the internal-combustion engine depends 
upon a supply of liquid fuel. The situation is that there 
are some 7,000,000 or 8,000,000 automobiles in use in the 
United States, and each requires about 600 gal. of gaso- 
line annually. The total is something like 5,000,000,000 
gal. The oil industry must exert every possible effort to 
supply 4,500,000,000 gal. this year. This is why there is 
a fuel problem. Oil men te!l us that, as automotive engi- 
neers, we ought to design efficient engines which will de- 
liver twice as many miles per gallon. They say that this 
would be equivalent to doubling the supply of fuel. They 
go further and tell us how we ought to build these cars. 
They say we ought to adopt European practice, gear ac- 
cordingly and change gears every time we come to a 5 
per cent grade. This is a good theory, but will the oil 
men sell such cars if we build them? I do not believe 
the American public would buy such a car. The true 
solution of this problem is to deliver to customers not 
only what they must have but also what they want. 

This result could be accomplished if we could raise 
compressions, but we cannot raise compressions success- 
fully merely by reducing the clearance volume because, 
at about 100 to 110 lb. per sq. in., which is really low 
compared to what we ought to have, the engines pound 
every time they are accelerated and are unpleasant to 
drive. The incipient knocks such as the general public 
complains of to-day are not really harmful, but the heavier 
knocks caused by running at compressions of 125 to 130 
Ib. per sq. in. on automobile gasoline are harmful. We 
have data showing that, during an hour’s run on an en- 
gine under such conditions, several of the piston-heads 
were cracked and every spark-plug practically ruined. 
Therefore, the problem confronting the research engi- 
neer is not only to determine what the knock is, but also 
how to overcome it. I will tell of the work we have done 
toward overcoming the knock, explaining the latest 
theories concerning what it is and prefacing this with a 


} YOR several years past our laboratory has been con- 





1M.S.A.E.—Chief Engineer, fuel section, General Motors Research 
Corporation, Dayton, Ohio. 
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review of some of the simpler relations of organic chem- 
istry. 


CHEMISTRY OF FUELS 


The engineer expresses physical relationships, such as 
the power output of an engine, by curves. Such curves, 
however, serve only as a graphical representation of rela- 
tionships. The chemist uses structural formulas to rep- 
resent graphically certain relationships which exist 
within the molecule of a substance. By these structural 
formulas it is possible to foretell to a certain extent the 
properties that a given material has; so, by examining 
the structural formula of a fuel that may never have 
been run in an internal-combustion engine, we can pre- 
dict, without actually trying the substance, what compres- 
sion pressures it will withstand and how it will behave 
during combustion. 

In these structural formulas, if we have an atom of 
carbon represented by C and wish to combine it with 
hydrogen, which has the symbol H, we represent this 
combination structurally as C-H. The line between the 
C and the H is called a bond, and is like a rubber band 
holding these two things together. If these two letters 
were pulled apart, the rubber band would finally break. 
In thus stretching the rubber band, energy would be used 
in breaking it; so, the band in that sense represents a 
certain amount of energy that is holding the carbon and 
hydrogen together. 

All liquid fuels have carbon and hydrogen for their 
basic heat-giving components. The simplest compound 
we can have between carbon and hydrogen is represented 
by a structural formula in Fig. 1 on page 491, showing 
carbon with four bonds and a hydrogen atom attached 
to each bond. This is called methane, and is the principal 
constituent of natural gas. If one of the hydrogen atoms 
is removed and another carbon atom and three more 
hydrogen atoms are attached we have ethane, which is 
another gas. This process can be continued indefinitely, 
as shown also for hexane in Fig. 1 on page 491. Com- 
pounds have been isolated which have as many as 50 of 
these carbon atoms fastened together in a long row. 
They are called “chain compounds” because the carbon 
atoms are arranged like the links of a chain. 

The average of present-day gasoline has about nine of 
these carbon atoms. If it had only five or six we would 
be satisfied with the quality of the gasoline we buy. The 
substances which has just been described belong to what 
is called the paraffin series of hydrocarbons. When 
compounds having 10 or more carbon atoms are put 
through a cracking furnace, the bonds are stretched and 
one or more soon break. Cracking expresses the thing 
that happens; the compound is cracked into parts. We 
then have double molecular bonds. 

Suppose we take a compound such as C-C-C and its 
proper number of H symbols, remove two of the hydrogen 
atoms and put two bonds between two of the carbon 
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atoms, as for propane and propylene. (See Fig. 1). The 
resulting substance would be called an unsaturated com- 
pound and is known as an olefin. When one of the par- 
affin molecules is broken in two, two hydrogen atoms are 
lacking from the number necessary to completely satisfy 
or saturate the bonds of the carbon. So there is formed 
some unsaturated substance containing double bonds and 
called an olefin. These are the principal things we have 
to deal with in cracked gasoline. 

Another type of compound, having a different structure, 
is known as benzol. The structure of benzol, which is 
shown diagrammatically in Fig. 1, is what we are forced 
to consider it in these thermal relations, and may not be 
the true structure from the chemical standpoint. It is 
called a ring compound because the carbon atoms are in 
a circle and held together very tightly. It has a hydrogen 
atom attached to each one of its carbon atoms, and each 
‘ atom of carbon has four bonds. Benzol can be hydrogen- 
ated by passing it through a furnace charged with a 
nickel catalyst, in the presence of hydrogen. By this 
process the middle bonds are wiped out and the number 
of hydrogen atoms in the molecule is doubled, thus making 
cyclohexane from the benzol, the change being shown in 
Fig. 1. This type of compound is found in California 
gasoline. In fact, some members of this series are found 
in all the gasolines of the world except those of Pennsyl- 
vania. They constitute much better engine fuel than 
the paraffin series. We ran a Liberty engine on cyclo- 
hexane with 200 lb. per sq. in. compression pressure. 
There was no knock, because this compound naturally does 
not knock. 

The alcohols form another class of compound having 
the chain structure in part. There is a complete series 
of these. From the diagram, Fig. 1, it can be seen 
that the molecular structure of this type of compound 
differs from that of the paraffin molecule by having one 
H replaced by OH, oxygen and hydrogen. This OH group 
is characteristic of the alcohols. The compound of which 
the structure is shown in Fig. 1 is ethyl or grain alco- 
hol. This substance boils at about 78 deg. cent. (172 
deg. fahr.). The alcohols will withstand a very high 
compression without knocking, and give a burn entirely 
free from carbon. 

The ethers form a class of substance also composed of 
carbon, hydrogen and oxygen. Although dimethy] ether, 
the structure of which is shown in Fig. 1, has exactly 
the same carbon, hydrogen, oxygen ratio as has ethyl 
alcohol, the structure is actually very different. The 
ethers boil at a much lower temperature than the alco- 
hols of equal molecular size. The effect of the difference in 
structure between these two classes of substances becomes 
very manifest when ether is run in an engine. The ethers 
are violent knockers, and it is hardly possible to get com- 
pression pressures sufficiently low to prevent them from 
knocking. We believe that the difference between the 
behavior of the alcohols and the ethers is due to the fact 
that in the alcohols the oxygen is already attached to a 
hydrogen atom, while in the ethers the oxygen is attached 
to two carbon atoms and has no immediate access to a 
hydrogen atom. 

I have here a few fuels and will show the difference 
between cyclohexane and benzol, just as they burn. I 
cannot make any of them “knock” during this illustrative 
test, but I can show how a little difference in structure 
between two fuels makes a big difference in the way they 
burn. The benzol molecule is represented by C,H,, six 
carbon and six hydrogen atoms and the cyclohexane mole- 
cule contains six carbon and 12 hydrogen atoms, as shown 
in Fig. 1. If a small quantity of benzol is put into one 


watch-glass and some cyclohexane into another and 
lighted, the benzol flame shows unmistakably that it con- 
tains the greater percentage of carbon. Cyclohexane con- 
tains twice as much hydrogen as does benzol. These 
formulas really mean something, after all. 

Another example is carbon bisulphid, a compound of 
carbon and sulphur, with double bonds as shown in Fig. 
1. This has a very low auto-ignition point; that is, it 
will light at a temperature of 140 deg. cent. (284 deg. 
fahr.) in air. For comparison with the carbon bisulphid, 
I will take a little ordinary gasoline, heat a wire fairly 
hot and put it in the gasoline. Nothing happens. I will 
now heat it again and touch it to the carbon bisulphid. 
It lights from contact with a wire that is barely warm, 
which shows the difference in the auto-ignition points of 
the two substances. When carbon bisulphid is run in an 
engine it shows a tremendous amount of auto-ignition, 
but it will not make an engine knock, and disproves the 
idea that knocking is auto or self-ignition, or preignition 
in the true sense. 

The difference in volatility between gasoline and kero- 
sene can be shown readily by pouring a little gasoline 
into one watch-glass and some kerosene into another and 
trying to light each with a match. Their ignition tem- 
peratures are almost identical. I believe it has been 
determined that kerosene is 20 to 30 deg. lower than 
gasoline, but this has nothing to do with the fact that 
kerosene cannot be lighted with a match. There is not 
enough vapor above the kerusene to ignite; the match 
flame simply goes. out. Of course, the gasoline can be 
lighted because of the vapor arising from it, which makes 
it easy to start. 

To show the difference in the flames of alcohol and 
gasoline, we will compare them in the same manner. The 
alcohol flame is blue. The yellow in the gasoline flame 
is incandescent carbon. During combustion the oxygen 
prefers burning the hydrogen to burning the carbon. In 
burning gasoline in this way the structure is such that 
the oxygen can readily get at hydrogen enough to satisfy 
it, and there is not enough oxygen present to burn the 
carbon completely. In the case of alcohol, an insufficient 
amount of hydrogen is liberated when the alcohol is 
broken up to satisfy all the oxygen that can get at it from 
the air. The result is that the excess oxygen combines 
with the carbon and the carbon is not left to become 
incandescent as it is in the case of gasoline. 

Such demonstrations are simply to show how these 
different fuels behave when they are burned in air. They 
have no particular relationship to the manner in which 
the same fuel burns when it is first made into a semi-gas 
and then exploded or ignited from a spark-plug in an 
engine cylinder while under compression. In this case 
the results are much different from those when the fuel 
is spréad out and allowed to boil and burn as it chooses. 
But the tests we have made show the effect of this dif- 
ference in structure on the behavior of fuels. One should 
keep clearly in mind that we can very nearly tell by the 
structure of a fuel what it will do. 


GAS-ENGINE INDICATOR 

When we began studying how the different fuels behave 
inside of the gas engine several years ago, we decided 
that one of the first things we had to have was an indi- 
cator that we could rely upon and use continuously to 
study the behavior of fuels inside of the cylinder. 

Fig. 2 shows a cross-section of the indicator as finally 
developed. The position of the pressure element is shown 
at the bottom. A beam of light from an automobile 
headlamp bulb, shown at the right, strikes a concave 
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Naphthalene 


Fic. 1—MOoOLECULAR STRUCTURE OF VARIOUS FUELS 


mirror on the top of the pressure element at the left and 
is returned to an octagonal mirror adapted to be rotated 
by a synchronized electric motor. The beam is then re- 
flected from the face of this mirror to the glass front of 
the box, on which it traces an optical card indicating the 
conditions within the cylinder. Fig. 3 shows the pressure 
element of the indicator, which is of the piston type. The 
function of the pressure element is to swing the pivoted 
mirror to such positions that, at all times, its vertical 
angle is proportional to the pressure in the combustion- 
chamber of the engine. One end of the pressure element 
screws directly into the combustion-chamber of the en- 
gine. Pressure in the cylinder operates against the piston 
to compress the resisting spring. This movement is 








Fic. 2—Cross-SEcTION OF A RECENTLY DEVELOPED OPTICAL Gas- 
ENGINE INDICATOR 


transmitted through a very light rod to an arm which 
operates to change the vertical angle of the pivoted mirror 
in proportion to the pressure on the piston. The point 
of light moves up and down with a corresponding change 
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Fic. 3—PRESSURE ELEMENT OF THE INDICATOR 


in the angle of the pressure-element mirror. At the same 
time it moves horizontally with the rotation of the octago- 
nal mirror, thus tracing an indicator card on the curved 
glass. Fig. 4 shows the rise on compression, the burn, 
which is accompanied by a knock, and the return. 

Fig. 5 shows the method of taking photographs of indi- 
cator cards on an engine. The indicator is in place on 
the engine and a piece of sensitized paper is being held 
in front of it. A timing device on the small table at the 
right allows a high voltage to be applied to the lamp for 
just one revolution of the engine. This high Voltage in- 
creases the actinic light and an image of the indicator 
card is recorded on the paper. 
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Fic. 4—TuHe OpricaL SYSTEM Fic. 
OF THE INDICATOR 


5—PHOTOGRAPHING GAS- 
ENGINE INDICATOR CARDS 


FuEL STuDIEs 

Fig. 6 shows a complete fuel study of commercial 
denatured alcohol. Both pressure-time and pressure- 
volume indicator cards are given. 
card the points at which the various events occur within 
the cylinder are indicated. The pressure-volume card 
means little in the study of fuel characteristics, but it is 
given here along with the pressure-time card. The dis- 
tillation curve of the fuel, as determined by the stand- 
ard method given by the Bureau of Mines, is shown also. 
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Fic. 6—F'vurew Stupy oF COMMERCIAL DENATURED ALCOHOL 


From a study such as is given here, the characteristics 
of a fuel can be obtained and considered, and, on the 
basis of the information so obtained, a prediction can 
be made as to what the fuel will do under any other set 
of conditions. 

Fig. 7 shows carbon bisulphid producing genuine pre- 
ignition. The pressure-volume card shows how early 
ignition comes and that it gives a negative loop. The 
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Fig. 7—Fvue. Strupy or CarBoN BISULPHID 


On the pressure-time . 


material is very volatile and boils at about 46 deg. cent. 
(115 deg. fahr.). A very early rise in pressure and a 
sudden drop-off are shown, but there is no trace of a 
knock. This fuel will run the engine and stop it, by 
preignition, as quietly as though the switch were turned 
off, except for the spitting back through the carbureter. 
There is no mechanical noise whatever. 

Sulphuric ether, shown in Fig. 8, behaves differently. 
The curve rises smoothly along compression but, shortly 
after ignition, something happens. This is the knock, 
the noise of which can be heard across a 10-acre lot. 
There is a very sudden rise, then a drop-off and so on 
down. The structural formula for sulphuric ether, with 
the oxygen in the middle, and the distillation curve of 
the material are shown. It is very volatile and boils at 
about 35 deg. cent. (95 deg. fahr.). The rise in the 
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Fic. 8—Fvure.L Stupy or SULPHURIC ETHER 


distillation curve at the end indicates a trace of alcohol 
and water as impurities in the ether. 

Fig. 9 shows a card made with buty! alcohol. Butyl 
alcohol has the same number of carbon, hydrogen and 
oxygen atoms as sulphuric ether, but the oxygen is in 
a different place. The knock has disappeared from the 
fuel and, when run even on high compressions, there is 
no knock whatever. The distillation temperature closely 
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Fic. 9—FvureL Stupy or ButyLt ALCOHOL 


ether, which is very volatile, knocked; buty] alcohol, which 
was not volatile, did not knock. Can knocking be asso- 
ciated with volatility? It cannot. It functions only 
within an homologous series. The ultimate composition, 
or the total number of carbon, hydrogen and oxygen atoms 
involved, was exactly the same with both ether and butyl 
alcohol; so, we cannot depend on ultimate composition 
to tell us what causes the knock. We have the same 
proportion in both fuels, yet one knocked and the other 
did not. 

We will now run over the petroleum products and show 
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their different behavior in this engine. This is an engine 
that does not knock on gasoline, although if the compres- 
sion were raised it would knock. Fig. 10 shows fuel 
studies of gasoline and kerosene. The general formula of 
each is a long chain structure which is given in Fig. 1 
on page 491. Gasoline from Pennsylvania crude, which 
is a straight paraffin-base gasoline, and kerosene from 
Pennsylvania crude oil are shown. The distillation curve 
of kerosene is higher than that of gasoline because it is 
a heavier fuel. The chain of its structure is longer and, 
when run in the engine, it shows a decided knock. The 
knock as given by kerosene is slightly different from that 
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Fic. 10—Furet Srupies or KEROSENE (ABOVE) AND COMMERCIAL 
GASOLINE (BELOW) OBTAINED FROM PENNSYLVANIA CRUDE OIL 


given by ether. With ether there is only one “kick-up” 
and then the curve comes down evenly. With kerosene 
there are two peaks. This means something that should 
be investigated. 

Fig. 11 shows fuel oil in the same engine. The distilla- 
tion curve is still higher and the indicator card has five 
distinct kick-ups instead of one or two. The number of 
kick-ups is to a very large extent a measure of the vola- 
tility of the fuel; that is, provided the fuel knocks. As 
the fuel gets “heavier,” more kicks are given off from 
the knock. 

Fig. 12 shows gasoline that has been made by cracking 
a heavier oil in a Rittman furnace. It contains the olefins 
I mentioned, which have double bonds formed in the 
cracking process. This gasoline is a good fuel so long 
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Fic. 11—INpICcCATOR CARDS OBTAINED FROM AN ENGINE BURNING 


FUEL OIL 


as it is fresh. In time, many of these compounds make 
tars which separate out on the intake valve and give 
trouble when they are run in an engine. 

Fig. 13 on page 494 shows California gasoline contain- 
ing the so-called naphthenes, of which cyclohexane is one. 
It contains about 40 per cent of this type of compound 
against 60 per cent of paraffins. We still have the 
paraffins to contend with, but this fuel will stand. much 
higher compression pressures than Pennsylvania gasoline. 
We had no trouble running Liberty engines at 6.5 to 1 
compression on ordinary California gasoline. 

Fig. 14 on page 494 shows a special fuel prepared 
by hydrogenating benzol so as to get a pure hydrocarbon 
fuel that would stand high compression pressures. It 
was a mixture of cyclohexane and benzol, called hecter. 
Cyclohexane freezes at about 40 deg. fahr.; benzol freezes 
at about the same temperature. If such a fuel were put 
in the tank of an airplane and taken up to a 15,000-ft. 
altitude, there would be a chunk of ice in the fuel tank. 
We had to stop this freezing. We found that 80 per cent 
of cyclohexane and 20 per cent of benzol gave a mixture 
that did not freeze until the temperature reached 40 deg. 
below zero fahr. 

Fig. 15 on page 495 shows commercial benzol. It pro- 
duces a very good burn. Like alcohol it can be run at high 
compressions, and it is burning properly so far as the 
card is concerned, but it has other undesirable features. 
[It is so rich that carbon separates out in one or 
two cylinders and lies there as a black, fluffy deposit. 
This material is not a carbon deposit as we ordinarily 
term it; it will get in a spark-plug, cause it to miss a 
couple of shots and then it will blow out; and it will do 
this same thing again and again. We can find nothing 
radically wrong with the engine, and for that reason it 
is generally unsatisfactory. But if not to exceed 40 per 








Distilled, Per Cent Dry 
Point 
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nated. Later we tried dyes, but they had no effect. This, 
of course, proved that our theory was not correct; yet it 
had been a very good theory because we discovered that 
a small percentage of a substance could be added to a fuel 
and thus stop the knock. Later, we began looking around 
a ee 2 for some compound other than iodin, which would be 
SE io peed cheap and overcome other difficulties of iodin. We tried 
Be 20 Ll teas oF several hundred different compounds. Every time we 
BS 100 ater E° heard of a new kind of organic compound, we obtained 
= 80 o % Fc some of it. One day anilin was tried. Instead of pour- 
P oe ing it into the gasoline as ordinarily we heated the anilin 
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Fig. 13—FurEt Stupy oF A GASOLINE OBTAINED FROM CALIFORNIA 
CRUDE OIL 


cent of benzol be blended with gasoline, it makes a very 
noticeable improvement in the gasoline and does not 
cause the fluffy-carbon trouble. 


DEVELOPMENT OF THE THEORY OF KNOCK 


When we had completed these experiments, there was 
little cause for accepting any of the old theories as to 
what the knock is. We knew it was not caused by auto- 
ignition; or by the ultimate composition of the fuel; or 
by burning ahead of the point at which ignition should 
occur by means of the spark-plug, because it came after 
the spark-plug fired the mixture. We knew many things 
that the knock was not but nothing that it is. 

A theory is valuable according to what can be got 
out of it that can be applied in a practical way. We had 
one theory that absolutely was not correct at all, and yet 
it was perhaps the most valuable theory we ever had. 
Kerosene knocks and gasoline does not knock. Imagine 
that a charge of liquid kerosene, broken up into small 
particles, is drawn in and begins to burn, and that as it 
burns the temperature and the pressure both rise. The 
temperature tends to make the fuel boil and the pressure 
tends to keep it from boiling. Finally the pressure does 
not rise any more but the temperature is still going up. 
The small particles evaporate and burn all together and 
this makes the knock. We theorized, consequently, that 
if these little transparent particles could be heated some- 
what faster than normally this would not occur. If 
instead of being transparent they were dyed black, or 
some other color, they could then intercept some of the 
radiant energy in the cylinder-head and could be heated 
faster so that, during the pressure rise, they would boil 
slowly instead of all going off together. Not having any 
oil soluble dyes readily available, we tried iodin as a 
coloring medium and found that the knock was elimi- 
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Fic. 14—Fuet Stupy or HectTer, a SPECIAL HYDROCARBON FUEL 


THAT WILL STAND HIGH COMPRESSION PRESSURES 


with the gasoline, thereby getting it into solution, and 
it also stopped the knock. 

In attempting to interpret the physical meaning of the 
sudden rise and sudden fall of pressure as indicated on 
the card taken from a knocking cylinder, we reasoned 
somewhat as follows: This phenomenon could not be 
due to a sudden increase in pressure throughout the 
entire charge. Increase in pressure, under the conditions 
present in the cylinder at the time the knock occurs, could 
be caused only by an increase in the number of molecules 
of gas present or by an increase in temperature. While 
the occurrence of either or both of these phenomena might 
be conceded, yet it is inconceivable that they should be 
followed immediately by the sudden reversal necessary to 
produce such a rapid fall in pressure as is recorded on 
the indicator card, where the peak on the card occurs 
almost exactly at upper dead-center when the volume 
change due to piston movement is almost negligible. 
How then could this peak on the indicator card be ac- 
counted for? The answer is simply that it must be due 
to a pressure wave which passes across the indicator 
piston. The only way such a thing could occur would be 
by a detonation of some sort occurring within the charge. 
It did not occur to us that the fuel itself might detonate; 
so, we had to stretch our imagination. It was suggested 
that the fuel molecule might be broken down under the 
conditions present during combustion, with the formation 
of an intermediate product that was capable of being 
detonated. This idea received considerable support from 
the observed fact that the knock increased with tempera- 
ture. Since it was known that acetylene under certain 
conditions would detonate and, since it is an unsaturated 
substance such as might be formed by splitting off from 
a larger molecule, it was suggested that acetylene ‘was 
the intermediate substance causing the knock. But we 
were never able to isolate any such intermediate sub- 
stance. 

Tue THeory or Knock 

When Mr. Horning and Dr. Dickinson went oversea 
they met Dr. Dixon, an English physicist, who had done 
some remarkable research work on the explosion of gases 
in mines. Fig. 16 shows one of Dr. Dixon’s photographs 
of a wave-front, which is clear and sharply marked. Be- 
hind it is a region of light. He had an apparatus so 
constructed that the angle of the wave-front in the pho- 
tograph indicated the velocity of travel of the wave-front. 
Fig. 17 shows how complex these waves can become. 
One wave comes down, strikes the bottom of the tube 
and reflects back, just as a rubber ball would bounce. It 
is not traveling so fast on the way back as it did on the 
way down. 

Mr. Horning and Dr. Dickinson obtained from Dr. 
Dixon considerable information about the explosion of 
these gases and they connected the results of Dr. Dixon’s 
work with our detonation theory. Dr. Dixon had proved 
that these fuels themselves could be detonated without any 
intermediate compound. We put the acid test to this 
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theory, and in so doing we have absolutely convinced our- 
selves that it is correct. 

Dr. Dixon showed several years ago that in a long 
tube filled with an explosive mixture of gas which was 
fired at the near end, the velocity of flame propagation 
was not a constant but accelerated to a very high velocity. 
Translated from meters, this velocity is about 1 mile 
per sec. Dr. Dixon’s calculations would indicate that the 
pressures on the wave-front are about 100,000 lb. per 
sq. in. 

Detonation is a pressure wave traveling through a gas. 
True detonation means that the wave travels so fast that 
the energy liberated by burning the fuel in the wave- 
front cannot be dissipated. Instead, it builds up pressure 
and adds energy to the wave-front, which later hits the 
side of the cylinder-head with a tack-hammer blow. This 
is the knock. It does not injure the rods, because it is 
completed too quickly. 

We wished to repeat some of Dr. Dixon’s work for our 
own observation; so, we filled a glass tube with an ex- 
plosive mixture and lighted it at the near end. The test 
as to whether it detonated or not was to put a glass test- 
tube over the far end; if it detonated it broke the test- 
tube; if the velocity of the burn did not reach the velocity 
of detonation, the test-tube was not broken. Whether or 
not detonation occurred, the noise produced was about 
the same. We prepared this apparatus and fired it a 
dozen times or so. We had been suspecting that the flame 
was not the same color all the way through, so we trained 
our eyes to watch it. We found that it started out blue, 
became yellow about the middle and white as it ap- 
proached the end of the tube. We believed that so long 
as the flame remained blue there was no detonation. We 
tested this point and found that when the flame remained 
blue throughout the tube, the test-tube was not broken. 
We previously had put a window in the side of an engine 
cylinder so that we could watch the flame. We ran the 
engine when it was somewhat cool and thoroughly clean. 
The flame was blue and the engine did not knock. When 
the same cylinder was a little warmer and running on 
the same fuel, it did knock and the flame was white. 
We studied these two flames with the spectroscope. When 
the engine did not knock we had a spectrum with about 
six lines; but when it did knock spectroscopic analysis 
showed that free carbon was present. This can be 
checked up on any aviation engine that is knocking in 
one or two cylinders. Synchronously with this knock 
comes a fine black dust which is not smoke. 

The differential burn between alcohol, showing a blue 
flame, and gasoline, showing a yellow flame, has been 
illustrated. The yellow flame indicated that the oxygen 
preferred the hydrogen. If the carbon cannot get oxygen 
quickly enough under those conditions, how can it get 
enough at a velocity of 1 mile per sec.? It cannot do it; 
free and incompletely burned carbon results. The flame 
starts out blue, indicating that everything is being 
burned; as it speeds up it gets a trifle fast for the carbon 
and some of the carbon drops out; when the flame be- 
comes white nearly all of the carbon has been left behind. 

Suppose we have a molecule somewhere within this 
tube, and that the wave-front hits it. The first thing 
the wave-front must do before the oxygen can gain access 
to the hydrogen or the carbon is to break up the molecule. 
To do this the wave-front must give up energy; this re- 
sults in slowing its speed down somewhat. After this 
has happened, the hydrogen is accessible to the oxygen 
that is’ present. The wave is going too fast for the 
oxygen to burn the carbon in front of it; so, it leaves the 
carbon behind and free carbon shows in the spectrum. 
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Fic. 15—FvuEL STUDY OF COMMERCIAL BENZOL 


The wave-front recovers the energy which results from 
the burning of the hygrogen, but the carbon is not 
burned. In other words, the wave-front of detonation 
meets the fuel molecule and gives up energy to break it 
up, which is the heat of formation of the compound. It 
receives energy from the combustion of the hydrogen, the 
heat of combustion of the hydrogen, but not of the carbon. 
Thus, the energy given to the wave-front in excess of 
what it had is the heat of combustion of the hydrogen, 
minus the energy required to break up the molecule. If 
the heat of combustion of the hydrogen is greater than 
that required to break up the molecule, the wave receives 
additional energy to that which it had when it met the 
We can call this difference the “excess energy 
of detonation.” We can calculate the heat of formation 
and the heat of combustion of the hydrogen from the 
structural formula. Then we can calculate the excess 
energy of detonation for the combustion of a given volume 
of gas and determine which fuel will cause the worst 
knock. The one that has the greatest excess energy of 
detonation will be the worst knocker, as is shown in 
Fig. 18 on page 496. 

Table 1 shows some fuel studies, exactly as made for 
a report prepared during the war. The fuels are arranged 
in the order of their tendency to knock. We found that 
the ethers were the worst knockers; the paraffins, which 
are the ones we must use, come next; the olefins are con- 
siderably better than the paraffins, and the naphthenes 
are still better than the olefins; then, in order, come the 
aromatics and the alcohols. The disadvantages of the 
various types of fuel are shown in Table 1 on page 496. 
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Table 2 shows the energy liberated during detonation, 
calculated as previously explained. Put down opposite 
these fuels, which are arranged in the same order as 
in Table 1, are figures showing the calculated relative 
tendencies of the different fuels to knock. These values 
arrange themselves in almost exact accord with the previ- 
ously determined decreasing tendency of the fuels to 
knock. We adopted a percentage basis and took a certain 
cubical content of fuel mixture that would give ether a 
value of 1000. On this basis the paraffins run 860; olefins 
805; naphthenes 780; aromatics 545, and alcohols 620. 


TABLE 1—FUEL STUDIES 


Fuels Disadvantages 
Ethers Pre-ignition 
Paraffins None, if volatile 
Olefins Polymerize and stick 

intake valves 
Naphthenes None, if volatile 
Aromatics Form fluffy carbon 
Alcohols Low heating value 





This is close enough to be encouraging, although there is 
a slight discrepancy at the last. 

Probably this discrepancy is one of the things that led 
us to reason why anilin stops the knock. Down to aro- 
matics in Table 2, the values had been determined by 
actually running the pure fuel in an engine and finding 
out what compression it would withstand; but when we 
reach the aromatics, the compressions, if there are com- 
pressions that will make these fuels knock, are very high 
and far beyond what we could use mechanically. In the 
cases of gasoline and kerosene, we knew that kerosene 
knocks much worse than gasoline. We theorized, there- 
fore, that since we could blend 60 per cent of benzol with 
kerosene and make it equal to the gasoline and since it 
requires only 35 per cent of alcohol to do the same thing, 
certainly alcohol must knock less than benzol. By blend- 
ing, we found out which chemical substance we had to 
use the least of to get a certain result in prevention of 
the knock. This was satisfactory until we knew about 
the theory of detonation. 

Benzol has a strong molecular structure and it is diffi- 





TABLE 2—ENERGY LIBERATED DURING DETONATION 
Excess Energy Liberated 


Fuels During Detonation 
Ethers 1000 
Paraffins 860 
Olefins 805 
Naphthenes 780 
Aromatics 545 
Alcohols 620 
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cult to break up its molecule. Suppose the detonation 
wave passes through a vaporized mixture of benzol and 
kerosene containing sufficient oxygen for combustion; sup- 
pose that the wave-front meets a molecule of kerosene, 
that this molecule of kerosene breaks up and that the 
wave-front “feeds” upon its hydrogen; but suppose that 
the benzol molecule is so strong that it refuses to break 
down in the wave-front. It would, therefore, allow the 
wave-front to pass on and it would burn in the ordinary 
way. Consequently, we would not get the advantage of 
having the heat of formation of the benzol absorbed from 
the wave-front. We thought we were blending the benzol 
with the gasoline, but when it entered the cylinder it 
fooled us. One fuel burned at one time and the other 
burned at another time. Is it not therefore reasonable 
to suppose that the fuel which is bound together more 
strongly will be the poorer blending agent of the two; 
and that the fuel which is bound less strongly and has 
the lower heat of formation will be, or may be, a better 
blending agent but a worse knocker than benzol? This 
is how we explain the fact that our original arrangement 
on the chart was not strictly correct. It was due to the 
fact that the order was determined by blending which 
should give just the reverse results. 
THEORY OF KNocK SUPPRESSORS 

The question always arises as to why anilin and iodin 
stop the knock. If the detonation theory as stated thus 
far is accepted, I think I can tell why anilin stops the 
knock. We can calculate the anti-knock value of anilin 
just as we calculate the knocking value of fuels; but I 
cannot tell why iodin stops the knock. This can be illus- 
trated by putting anilin on one wick and ethyl iodid on 
another wick and trying to light them. The anilin burns 
easily in this way. It has about the same volatility as 
kerosene. We see a great amount of carbon because 
anilin is rich in carbon, since it is made from benzol. 
We observe something different in the case of ethyl iodid, 
although it is even more volatile than ordinary gasoline. 
We see that the ethyl] iodid puts out the match flame. 

We found that all the compounds of iodin stop the 
knock. Even potassium iodid will do it, if dropped into 
the intake valve. Although ethyl iodid extinguishes the 
flame of the match, it has a perfectly definite, positive 
heating value. If ethyl alcohol burns, ethyl iodid also 
should burn; but there is something that iodin does in 
a catalytic way that tends to stop the hydrogen from 
combining with the oxygen. What happens when we put 
the iodin in, or why it happens, we do not know. It 
prevents this detonation from occurring; it must do so 
because it does stop the knock. Carbon tetrachlorid has 
no appreciable heating value, yet if a small amount of 
it be admitted to a knocking cylinder of an engine it 
shows no effect similar to that of the ethyl iodid in pre- 
venting the knock. 

To explain. why anilin stops the knock, suppose we 
consider a paraffin molecule and a benzol molecule. It 
will be remembered that the excess energy of detonation 
depends upon the number of bonds that must be torn 
apart, as compared to the number of hydrogen atoms 
which burn and give back energy to the wave-front. In 
the paraffin molecule we have eight hydrogen atoms and 
a total of 10 bonds, which is a ratio of 8 to 10. The units 
comprising the 10 bonds are much smaller than those 
comprising the eight; that is, much more energy is re- 
covered from burning one hydrogen atom than is absorbed 
by the breaking of one bond. If this were not true, the 
material could not be burned. In benzol there is a total 
of 15 bonds and only six hydrogen atoms, which gives a 
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ratio of 6 to 15, as shown in the graphic formula for 
benzol. (See Fig. 1 on page 491.) 

We can calculate on this basis, using Table 2, that 
kerosene, for instance, which is 870, with about 3 per 
cent of benzol added to it, should average about 860. 
That is, 3 per cent of 545, plus 97 per cent of 870, will 
total close to 860. If this theory is correct, 3 per cent of 
benzol added to kerosene ought to stop the knock. Ex- 
periment shows, however, that, instead of 3 per cent of 
benzol, 60 per cent is required. 

This is another discrepancy that must be explained. 
To repeat the theory as developed in the case of blending, 
imagine that a wave-front strikes these two molecules, 
breaks one all’ to pieces and feeds on its hydrogen; but 
the other molecule is held together more strongly and 
does not break down. We know that it requires a tem- 
perature of 200 to 400 deg. cent. (392 to 752 deg. fahr.) 
higher to decompose benzol than is required to decom- 
pose kerosene. In this case its bonds have no chance to 
hold back the wave-front of detonation. It may be pos- 
sible that the benzol burning immediately in the rear of 
the wave-front keeps it from dissipating energy to its 
rear and thus tends to maintain it. 

Suppose that something could be done to the benzol ring 
to make it less stable than the paraffin, or that it could 
be timed so that it would break down at just the right 
instant to engage the wave-front. We can add an NH, 
group to the benzol ring and thus make anilin, which is 
less stable than gasoline. Now suppose we put 3 per 
cent of this material into the kerosene. It immediately 
stops the knock and makes the kerosene equal to gaso- 
line, thereby following the calculation without any varia- 
tion. We say this is the reason that anilin stops the 
knock. We cannot calculate ethyl iodid but we can at 
least make ourselves believe that we calculate anilin. We 
can carry this further and check up our calculations by 
taking another knock suppressor. We found that as long 
as we had a ring and an NH, group we had a knock sup- 
pressor. We took naphthalene (see Fig. 1 on page 491), 
which has a total of 24 bonds and only eight hydrogen 
atoms. If we had three more bonds in the 6 to 15 ratio 
of benzol, referred to above, it would be the same as 8 
to 24 or as one is to three. Therefore, naphthalene, hav- 
ing the 8 to 24 ratio, ought to be somewhat stronger than 
anilin, molecule for molecule, after we have added an 
NH, group to it and made it into naphthylamin. 

I calculated this out and had determined the percentage 
of naphthylamin necessary to stop the knock in the engine 
at the same time. We had a value, as I remember, of 
about 65 units of some kind in 100 cc. of kerosene. That 
was the 6 to 15 ratio. The 8 to 24 ratio I calculated ought 
on the same basis to come to 48. It was determined as 
49, which is about as close as anything can be determined 
on an engine. 


Tue Discussion 


D. L. ARNOLD:—Why is it that water accomplishes the 
same result as anilin and iodin? 

THOMAS MIDGLEY, JR.:—It does not. To duplicate the 
effect of 3 per cent of anilin would require 30 per cent 
of water. 

Mr. ARNOLD:—Kerosene-engine builders have used 
water in the amount of an equal weight of water to an 
equal weight of kerosene, for eight years. 

Mr. MiIpGLEY:—That is 100 per cent, somewhat differ- 
ent from 3 per cent. 

Mr. ARNOLD:—And it has that effect, too. 

Mr. MipGcLey :—Absolutely. It calculates right on tak- 
ing the heat of vaporization of the water for the amount 


of heat that is to be taken out of the wave-front; that is, 
the heat of vaporization, which is small compared to the 
heat of formation. We are doing the same thing in both 
cases; we do it by the heat of vaporization in the case of 
water as against the heat of formation in the other mole- 
cule. If water dissociated at these temperatures, it would 
be as effective as anilin or anything else. 

Mr. ARNOLD:—If too much of any of the fuels is used, 
that same knock is stopped. 

Mr. MIDGELY:—The fuel itself acts in just the same 
way. When it gets in front of the wave-front it breaks 
down. 

Mr. ARNOLD:—Why did the carbon tetrachlorid’ in- 
crease the knock? a. 

Mr. MIDGLEY:—I do not know. 

Mr. ARNOLD:—Is it not because too much carbon was 
added to the flame? 

Mr. MIDGLEY:—-No; only a breath of carbon tetra- 
chlorid was used. It could not have been more than 1 
per cent. 

Mr. ARNOLD:—Is it not a fact that anything that is 
put in the combustion space that tends to diffuse the gas 
or vapor, such as an excess of air, will have the effect of 
discontinuing the knock? 

Mr. MIDGLEY:—Anything that will take energy out of 
the wave-front will slow down the knock. Try to run 
sometime with about 30 per cent of oxygen. 

Mr. ARNOLD:—With an excess of oxygen? 

Mr. MIDGLEY :—Yes. 

R. B. HALL:—If water is used to reduce or eliminate 
the knock, is there a power loss due to the retardation of 
the wave-front or is that power again given up on the 
expansion stroke? 

Mr. MIDGLEY :—No power is lost in retarding the wave- 
front. The carbon in the wave of detonation is not being 
burned. If the carbon is not being burned, we are not 
getting the heating value from the carbon and conse- 
quently we are losing much energy in that way. Water 
will slow up the wave-front. The carbon burns along 
with the other components and we then get the power 
from the carbon. We never found any loss of power in 
all our water-injection work, unless we ran with an excess 
of water. 

Mr. HALL:—In that way, water would be a very good 
means to reduce or stop knocking, would it not? 

Mr. MIDGLEY :—Absolutely; but there are a few draw- 
backs. One is that water freezes. We can add alcohol 
and stop water from freezing, but that alcohol would 
burn up. The result would be that the cost, at the present 
price of alcohol, would very nearly reach the cost of 
gasoline. With tractors, this is not so much of a problem, 
because the water can be poured in when the tractor 
starts. I think water may be the right thing for tractor 
use. 

Mr. ARNOLD :—We formerly built tractors to use water 
but do not use water now. 

Mr. MIDGLEY :—That is all the better. 

Mr. ARNOLD:—We can carry the same compression. 

Mr. MIDGLEY:—In winter it is very difficult to meet 
the situation with water. I have heard the objection 
made, although I have had no personal experience with 
it, that in various parts of the country the water is a 
serious thing to contend with. One gets sulphur water 
in Florida, alkaline water out West and so on. 

Mr. ARNOLD:—It is true that one gets all kinds of 
water and experiences all sorts of trouble on that account. 

F. C. Mock:—It might add to our conception of what 
turbulence does if we consider how slow the velocities of 
flame propagation are in comparison with the velocity of 
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the gases through the intake valve at high speed. I be- distribution did not cause any trouble. We could lean 


lieve that the propagation of flame in an explosive hydro- 
carbon mixture, under atmospheric pressure, for the first 
6 in., is so slow that it can be seen. If the mixture is 
compressed or heated, the velocity increases. Dr. Dick- 
inson’s experiments with the Liberty engine at the Bureau 
of Standards showed that the flame propagation is con- 
siderably less than the velocity through the intake valve. 

Mr. MIDGLEY:—I think it was 20 meters per sec., but 
when they got detonations they could not measure the 
velocities. 

Mr. Mock:—It is easy to imagine that part of the 
entrance velocity of the air charge persists through the 
compression stroke, as a whirling motion of perceptible 
magnitude in relation to the first velocity of flame propa- 
gation. In such a case the combustion wave-front might 
be considered as trying to propagate itself across a 
merry-go-round of mixture whirling rapidly, and it would 
naturally have some trouble getting aboard. That is, the 
wave-front, as such, would be broken up, and acceleration 
of its propagation would be impeded. 

We have reason to believe that the mixture is not 
evaporated until it enters the cylinder, which would cause 
a lowering of temperature in the cylinder. Is this sub- 
traction of heat from the walls and mixture appreciable 
and comparable with the heat required for this breaking 
of the chemical bonds? 

Mr. MIpGLEY:—Yes. When we put in sufficient hot- 
spots to actually vaporize and send in the gasoline as a 


“vapor, the knock very appreciably increased. The experi- 


ence I have particularly in mind was with a Delco light 


“plant, in which there is no distribution to fight, and which 


keeps down the temperatures and thus helps to prevent 
detonation. In this connection let me refer to one point 
which I failed to treat properly, the effect of tempera- 
ture on detonation; that is, temperature as compared with 
pressure. I am firmly of the opinion that temperature 


‘is the prime factor in speeding up these detonations, and 


‘not compression. 


r 


It is pointed out very clearly by Dr. 
Patrick that a hydrocarbon gas, while being compressed 
close to its dew-point, gives tremendous rises in tempera- 
ture as the gas approaches the dew-point. It need not 
condense to give 200 to 300 deg. cent. (392 to 572 deg. 
fahr.) rise in the temperature due to compression. It is 
probably due to this change in temperature that kerosene 
knocks worse than gasoline, and not primarily to a chem- 
ical reason. Taking the opposite viewpoint instead of 


‘asking why kerosene knocks more, let us ask why gasoline 


knocks less. Gasoline is a fairly volatile liquid. When it 
is evaporated it absorbs heat and cools itself. It is the 
refrigerating effect of the gasoline that holds down the 
detonation. 

Mr. Mock :—That answers the question I intended to 
ask, as to why the carbureter and the intake manifold are 
fixed so that they feed a homogeneous mixture to the 
cylinders and the engine knocks less. 

C. A. FRENCH :—What mixture ratios were you experi- 
menting with when you obtained detonation in the glass 
tube? 

Mr. MIDGLEY :—Theoretical. 

Mr. FRENCH :—Do you never give the mixture more air 
than the theoretical amount? 

Mr. MIpGLEY:—Yes. Running lean cuts down the de- 
tonation. We can run rich enough to stop it and also lean 
enough to stop it. We could do that not only in the glass 
tube but also with a certain automobile that is a violent 
knocker. During experiments on distribution and heat- 
ing on this car, we were able to get a condition of actual 
heating in which the gasoline was probably all gas, and 


the mixture so we had no knock, just as we can ordinarily 
enrich it. Most cars will not work with such a lean 
mixture; they go out. We lost all the pick up and the car 
would not accelerate, but it would not knock. 

Mr. FRENCH:—With reference to detonation in the 
open air, no compression or particular temperature is 
needed to get detonation, according to our experience. 
I have a burner at our plant on which I hope to be able 
to play a tune. It can be heard from 14 to 1 mile. I 
have ordered a siren to tune up to it, to determine what 
rate of vibration produces that noise. The burner is 
primarily a blue-flame burner. I think that any burner 
giving a blue flame in which there is considerable previ- 
ous vaporization can be made to scream, hum, whistle or 
make some protest when it is given too much fuel. I can 
find no authority anywhere for assuming that we can 
burn theoretical mixtures to perfect combustion. It 
seems that in our worship of volumetric efficiency we are 
forgetting a few things about combustion. There was 
not much doubt 25 to 30 years ago about what we had 
to do to burn the different fuels. We thought we had to 
vaporize them. It seems that we have an entirely dif- 
ferent idea today. To go back 25 years is the only way 
in which we can make an atmospheric burner that is at 
all efficient. If we attempt to put raw fuel out into a 
combustion-chamber and burn it, we require a combus- 
tion-chamber of about 0.2 cu. ft. fuel capacity for every 
pound of fuel burned per hour. The luminous part is not 
flame; it does not come within the definition of flame. 
All the visible flame of common fuels is blue. The lumin- 
ous part is merely incandescent carbon particles that are 
not in a state of combustion. The combustion-chamber, 
to have the best possible combustion, must be large 
enough that the flame does not touch it anywhere if there 
is to be luminosity. If that condition is fulfilled, we re- 
quire 0.2 cu. ft. of combustion-chamber space per lb. of 
fuel per hr. burned continuously. A combustion engineer 
would say that there could be no worse place to burn an 
excess of fuel than an internal-combustion-engine cylin- 
der unless it were the center of a barrel of water, because 
every unfavorable condition is present. We have never 
had any trouble from decomposition, provided we did not 
use an excess of fuel or, provided we put into the trans- 
parent area or period of that flame something into which 
the carbon could diffuse at the time it broke down. If 
the theory is correct that there is a certain temperature 
at which it breaks down, then if we feed hydrogen into 
the transparent part of the flame, the detonation or de- 
composition should occur sooner, because that raises the 
temperature. In fact, if a thermocouple is put in a candle 
flame below the point of decomposition, we find it is much 
cooler there than it is farther down. The whole trouble 
seems to be based upon the fact that we are doing every- 
thing we can to keep on using too much fuel. 

I think that the theory of putting the compression pres- 
sure up to 200 lb. per sq. in. is absolutely correct. We 
can burn kerosene at 200 lb. per sq. in. without any diffi- 
culty if we put air enough in to burn it. We must sacri- 
fice some of the pick-up. 

We have had no trouble in burning the different fuels 
in atmospheric burners. I cannot conceive that there is 
any difference in flame, wherever it is; it must obey the 
same laws. Wecan put any commercial fuel into a burner 
that thoroughly vaporizes the fuel previous to ignition; it 
makes no difference what it is. I think no one can tell 
what fuel it is by the way it burns. They all burn alike. 
The troubles we have in combustion are entirely accord- 
ing to the end-points of the fuel. I am unable to say why 





Vol. VII 


December, 1920 


No. 6 





COMBUSTION OF FUELS IN INTERNAL-COMBUSTION ENGINES 


ether knocks in the way it does, unless a great excess of 
it is used. Have the ether ratios been measured? 

Mr. MIDGLEY:—Yes. Ether cannot be made lean 
enough that it will not cause knock. 

Mr. FRENCH:—lI will not argue that point. There is 
more tendency toward decomposition in some fuels than 
in others but, so far as we have put them all in equal 
states of vaporization, diffusion and proportion, we have 
had exactly equal results with them. It has been demon- 
strated that a cubic foot of any gas mixture gives the 
same number of British thermal units regardless of what 
the gas is. 

Mr. MIDGLEY :—That is in atmosphere. 

Mr. FRENCH :—Yes. 

Mr. MIDGLEY:—That is not true under compression. 

Mr. FRENCH :—I can imagine that compression would 
change some of those things. 

Mr. MIDGLEY:—What have you done with acetylene? 

Mr. FRENCH :—I have not worked with it. 

Mr. MIDGLEY :—You will find it is easy to detonate with 
acetylene. Let me suggest that with the acetylene you 
try a rich oxygen content of air to help it along. At 
atmospheric pressure, the fuels will all behave practically 
the same, unless the conditions are unusual. 

Mr. FRENCH:—We are able to produce detonation in 
the open air. 

Mr. MIpGLEY:—Are you sure that it is the same kind 
of detonation? 

Mr. FRENCH:—I imagine there is no difference. It 
seems more reasonable to account for the knock by the 
sudden difference in the temperature of the flame. I 
have measured many times the difference in flame tem- 
peratures in passing from the transparent to the luminous 
area. The sudden jump of 1000 or 1500 deg. in going a 
few inches in an open flame, and of course the same thing 
takes place in an engine cylinder, seems to account for 
it. The fact that there is no area to that sharp peak on 
your indicator card would indicate that it is a carbon 
phenomenon, because there are not many British thermal 
units in the carbon and there are many in the hydrogen. 
If it were an hydrogen phenomenon it would blow the 
cylinder-head off. 

Mr. MIDGLEY:—With regard to the breaking up of an 
engine on account of detonation, this viewpoint was held 
by a man who is with one of the large explosives com- 
panies of the country and with whom we-have been co- 
operating on some of this research work. He spent 25 
years studying detonation in explosives. He said that 
there is no truth in this detonation theory because, if it 
were true, it would wreck the engine. We argued that 
he was detonating in dynamite, a material that is very 
dense compared with the gas in the cylinder, even when 
it is compressed; but he maintained that detonation would 
break an engine all to pieces, and that the knock must be 
caused in some other way. , 

A Liberty engine having a compression ratio of 5.3 to 1 
was set up at McCook Field. Ordinary automobile gas 
instead of high-test gasoline was used for an hour, with 
wide-open throttle. At the end of the hour the engine 
was dismantled. Every spark-plug was found to be in- 
jured, because portions of them are very brittle, and 
most of the piston-heads were cracked, having been hit by 
this detonation. 

Mr. FRENCH:—I can understand the effect of rever- 
beratory action between parallel surfaces in combustion- 
chambers. If I want to build a combustion-chamber for 
the highest temperatures, I build it in spherical form. 
Of course, the high temperatures would not be set up in 
a furnace or a combustion-chamber without parallel sur- 
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faces because the temperature, in a measure, is self- 
generating; the radiant heat working back and forth 
through the burning mass helps to generate it. 

I will agree to your definition of detonation for the 
time being, because I cannot contradict it successfully; 
that is, I will agree to your calling it detonation. But we 
use acetylene for welding and cutting because, while it 
liberates a small quantity of heat, it has the highest tem- 
perature of anything that we can get, on account of its 
very high carbon content. We do not use hydrogen for 
the reason that, while it has a fair temperature, its tem- 
perature is nothing like carbon, and it liberates so much 
heat that we cannot work around it. 

It seems to me, from the characteristic of that point 
we get on the card from the knock, that this indicates 
carbon entirely. Possibly you will agree that it is a 
carbon phenomenon; but the fact that there is no appre- 
ciable carbon area simply shows a temperature, without 
the liberation of any great number of British thermal 
units. If we were able to do that same thing with hydro- 
gen, we would have a remarkable engine. 

Mr. MIDGLEY :—What do you mean by “run an engine 
on hydrogen?” 

MR. FRENCH :—I have never run an engine on hydrogen. 

Mr. MIDGLEY :—But that is a very good idea. 

Mr. FRENCH:—This matter of the knock is best ex- 
plained by the sudden jump in temperature. We find it 
in all flame. As soon as we put in an excess of fuel, we 
find there is a great difference in the size of the yellow 
area and the transparent area below it or period preced- 
ing it, whichever it happens to be. We find that an engine 
running with a blue flame is running the way it ought 
to run, and the only way we can get it to run with a blue 
flame at present is to put in an excess of air. But any- 
thing that we add to the transparent area or period of 
the flame below or before the decomposition, that is, any 
gas into which this carbon can diffuse, stops the decom- 
position. I have tried nitrogen, hydrogen and almost 


every gas except pure carbon gases; a carbon gas would 
make it worse. 


AIRCRAFT INSURANCE 


ONSUL CLAIBORNE, at London, reports that Lloyd’s, 
the foremost British insurance organization, has estab- 
lished a bureau to insure pilots, passengers and goods con- 
veyed by air as well as aircraft themselves. A miniature 
register of aircraft analogous to Lloyd’s Shipping Register, 
and known as Lloyd’s Aviation Record, is employed as the 


basis for this new and important activity— Air Service News 
Letter. 


THE PETROLEUM OUTLOOK 


RTHUR D. LITTLE, INC., Cambridge, Mass., has an- 

nounced that a limited number of copies of its mono- 
graph on The Petroleum Outlook are available for distribu- 
tion. This study of American oil fields includes a large map 
and several charts arranged for comparative reference. The 
text deals with the geology, production history and apparent 
state of exhaustion of the various petroleum resources. 


RADIO CONTROL OF BATTLESHIPS 


Qe received at Bureau of Steam Engineering of 
the Navy Department regarding experiments conducted 
off Virginia Capes with the battleships Ohio and Iowa, that 
have recently been completed by the Navy, prove that 12,000 
and 13,000-ton battleships can be successfully maneuvered 
from stations located on shore by the use of radio apparatus 
operating directly upon steering gear. 
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Washington Fuel Meeting 


By Coxer F. CLarKson 


RETTY much everybody who is “anybody” in the 
P oil industry attended the annual meeting of the 

American Petroleum Institute held at Washington 
Nov. 17, 18 and 19. It was the occasion of continued and 
increased cooperation of the Society and the Institute. 
Past-President Kettering gave an epoch-making address 
as accredited spokesman of the automotive industry. 
Two technical sessions on automotive fuel and lubricants 
subjects were held, with H. L. Horning, chairman of the 
S. A. E. Fuel Committee, and H. M. Crane, a member of 
this committee, as presiding officers. 

Mr. Kettering explained in detail to the oil men the 
difficulties involved in the vaporization of currently pro- 
duced gasoline, preventing proper mixture distribution to 
the cylinders, and causing dilution of the erfgine oil. He 
said that under present conditions the best engines made 
are subject to crankcase oil dilution. He emphasized the 
great importance of getting the public to understand the 
many phases of car operation involved in the economical 
use of gasoline. He pointed out that naturally the pub- 
lic had been taking with little apparent complaint the 
fuel they have had to take, and the viciousness of the 
circle of procedure in lowering engine compression to use 
heavier fuel, then increasing the end-point of the fuel 
and then lowering the compression again. With a given 
fuel a certain compression pressure and a certain com- 
bustion temperature cannot be exceeded without abnor- 
mal results, including detonation. Economy depending 
on higher compressions, this constitutes the fuel prob- 
lem. Mr. Kettering feels that the automotive engine 
and the fuel for it must be further developed by the 
automotive engineers and the oil engineers and chemists 
jointly. He referred to high pressures, high tempera- 
tures and the low specific heat of the fuel as the prime 
factors of internal-combustion engine operation. The 
demand is for a fuel and for lubricating oils that will not 
require engine cleaning. The molecular breaking of the 
fuel and too rapid burning must be obviated. Ultimately 
there should be a correction in the process of crude oil 
distillation. Mr. Kettering believes that by proper co- 
operation between the automotive and fuel industries 
these results can be attained quickly. In a word, the 
thing to do is to take the hammer-blow peak due to 
detonation out of the combustion curve. 

In connection with the fuel “dopes” with which he has 
experimented for a long time, Mr. Kettering told at some 
length of their use and effectiveness, using the homely 
expression that any “varnish-remover” in a fuel dope, 
functioning as such an agent, will prevent carbonization. 

Referring to engine starting under present conditions 
in cold weather, Mr. Kettering advocated the installa- 
tion of auxiliary devices to prime engines with highly 
volatile substances such as petroleum ether. 

On the thermal efficiency now being reached, the 
speaker stated that with the ordinary car this averages 
less than 5 per cent, being with wide-open throttle about 
15 per cent. Further, that with 160-lb. compression, 
which he believes is possible, the fuel consumption can be 
reduced to 0.4 lb. per hp.-hr., the relative gain in this 
respect being greater at car speeds of 20 to 30 m.p.h. 

In introducing Admiral Benson, chairman of the 
United States Shipping Board, President O’Donnell of 


the Institute predicted a great increase in the use of 
the internal-combustion engine in ocean travel. Admiral 
Benson stated that the fuel needs of the Shipping Board 
in 1921 would probably amount to 40,000,000 bbl. One 
hundred and two vessels, mostly oil-burners, are yet to 
be completed, 26 of these being of the high-speed pas- 
senger type. He said that foreign trade competition 
makes it clear that it would be a serious thing for the 
American merchant marine to revert to the use of coal 
and that a plentiful supply of fuel oil is necessary for 
the requisite economical operation. The Admiral be- 
lieves that the present supply of oil is adequate. He 
favors the development of internal-combustion engines 
and the electric-drive for ocean-going vessels. We should 
have reserve supplies of fuel oil in all parts of the world. 
Long trips are now made for the purpose of bunkering. 
Development of oil lands in foreign countries is hoped 
for, mutual arrangements for the exchange of oil be- 
ing made to obviate the present necessity of carrying 
oil to all parts of the world. Attempts are being con- 
tinued to install in cargo-carrying vessels Diesel engines 
geared direct or with the electric drive. 


GENERAL CONDITIONS 


Many very interesting and valuable addresses were 
made at the general sessions of the meeting. President 
R. D. Benson of the Tide Water Oil Co. said that 


Petroleum owes its present high place in industry 
to three things. First, the invention of the Lowe water- 
gas process, by which material for making illuminating 
gas was changed from coal to petroleum distillates; 
second, the invention of the internal-combustion engine 
which brought gasoline into its own; and, third, the 
development of the use of fuel oil in place of coal, 
notably on the high seas. 


W. C. Teagle, president of the Standard Oil Co. of 
New Jersey, stated that 


It is a conservative estimate that the world consump- 
tion, which in 1910 took 327,000,000 bbl. and this year 
is using 615,000,000 bbl., will call for close to 700,000,000 
bbl. in 1921. The indications are that in the current year 
we shall produce within our own borders 445,000,000 
bbl., and consume, with Mexican imports, a total of 
565,000,000 bbl. 


The following observations were made in the address 
of Director G. O. Smith of the United States Geological 
Survey. 


In a review of the world’s sources of energy, water 
and coal, as well as oil, we see North America taking 
first rank among the continents, with Asia a close 
second and Europe a poor third, although we should 
remember that Europe has a much smaller area than 
either of the other two. Now, in considering how the 
world may best manage its ever-increasing power load, 
some aid may be found in a few comments on the dif- 
ferences between these three sources of energy, water, 
coal and oil. Man has learned how to harness flowing 
water with great efficiency, but even in Europe and 
North America only about one-fifth of the potential 
power has yet been developed. Of course, even with 
wisest utilization, coal must again take up the burden 
as full development of waterpower is approached, for 
coal is the world’s great source of heat and power, and 
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the largest development of water powers is practicable 
only with coal power as the dependable “stand-by,” 
ever ready to meet promptly any special demand. 

Fuel oil is superior for use in transportation, and 
this use deserves priority over that for firing stationary 
boilers, for which coal should ‘be substituted. Indeed, 
thoughtful regard for the future leads us to disallow 
even the claim of steam locomotives for fuel oil, for 
electrification of the railroads by waterpower alone or 
from waterpower and steam stations linked together is 
now the obvious way to make the best use of our re- 
sources of expendible fuel. In a word, the world has 
not oil enough to burn under either stationary or loco- 
motive boilers. 


M. L. Requa of the Sinclair Consolidated Oil Corp. 
said that 

Burned under boilers, fuel oil is at best wastefully 
consumed, and at worst is losing in every barrel 20 to 
30 per cent of lubricating stocks that we shall some day 
need badly. Over any long period of time its future 
use in this manner is without excuse or justification. 
Employed as a fuel in the Diesel or semi-Diesel type of 
engine, the saving amounts to as much as 75 per cent 
of the oil ‘burned; and’ economic pressure will, of course, 
force greater and greater use of this type of engine, 
especially for marine work. I seriously question 
whether the marine steam-engine is not today obsolete. 
Certainly with over 140,000 gross tons of Diesel- 
equipped shipping now under construction in the United 
States, and the large foreign fleets in operation or 
building, the Diesel type is no longer experimental and 
must, in future, I think, supersede steam-driven units 
with ever-increasing rapidity, because of absolutely 
economic reasons if for no other. A recent report of 
Lloyd’s indicates that 16.3 per cent of the world’s ton- 
nage is now employing fuel oil, and already 1.7 per cent 
of the world’s tonnage is converting fuel oil into 
power by the Diesel type of internal-combustion engine. 
Since the United States is planning a great expansion 
in foreign trade and is building a substantial merchant 
marine, we will ignore a most potent point of superi- 


ority if we neglect the significance that motorships 
have upon the situation. 


President O’Donnell had an optimistic view of future 
oil supplies, and explained his reasons therefor, as well 
as conditions which have led to the present situation. 
He declared for “quality” as opposed to “quantity” sci- 
ence in the oil industry. In his words, 


The public has been frequently alarmed by statements 
of well-meaning and learned scientists predicting an 
early exhaustion of our petroleum resources, in some 
instances giving more or less definite figures as to the 
supply still obtainable and setting a time for exhaus- 
tion within the limits of the lifetime of men now en- 
gaged in the business. There are many important 
petroleum deposits even within the boundaries of the 
United States that these men have not yet located or 
taken into their calculations. Petroleum is widely dis- 
tributed throughout the world and in sufficient quanti- 
ties to meet the requirements, present and future, and 
if the economic law of supply and demand is given a 
free opportunity to assert itself, artificial, political and 
governmental restrictions are removed, allowing every- 
body from everywhere to participate in the prospecting 
and production necessary, there will be plenty of oil 
to meet the requirements in all parts of the world for 
many generations to come. 

There are vast areas in all parts of the world that 
have scarcely been “scratched,” which have petroleum 
deposits equal to the developed areas of the United 
States. Original development in all countries occurred 
in the vicinity of indications caused by exudes and 
seepages through fractures overlying our petroleum 
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deposits. Within the United States in the last few 
years some of the most important deposits in this coun- 
try have been discovered, which were not indicated by 
seepages or otherwise. Important discoveries are con- 
tinuing to occur in this country and additional dis- 
coveries will be made long after the time limit set for 
exhaustion by some of our experts. 

Increased prices have always resulted in increased 
activity of the wildcatter, which in turn has resulted 
not only in producing sufficient oil to meet the demands 
but in bringing about an over-production. There is 
nothing produced by man anywhere so responsive to 
the economic laws of supply and demand as petroleum. 
In the past the activity of the wildcatter within the 
boundaries of the United States during the period of 
increased prices has always been sufficient to meet the 
demands, but the time has arrived when it is necessary 
and desirable to have a world-wide activity to meet 
the requirements of the future. This can only be 
brought about by a change in the attitude of many of 
the governments of the world, by a change in the 
numerous restrictive regulations now existing anil 
allowing a free opportunity for everybody from every- 
where to participate in the necessary development. 

The present shortage has not been caused by any 
serious exhaustion of the petroleum deposits but has 
been caused by extraordinary increased consumption. 
If unrestricted opportunity had continued in Mexico and 
some of the agitation affecting our public lands of the 
West in this country had not occurred, there would be 
no shortage in evidence at the present time. Renewed 
confidence and activity is now occurring in both coun- 
tries. 

During the war it was necessary to centralize under 
Government authority and direction all of our resources 
and while at war this was practical because of the 
patriotism of the people. All efforts of war are destruc- 
tive, not only to the enemy but to the resources far 
removed from the battle front, and a great deal was 
necessarily undertaken regardless of economic prin- 
ciples or waste. Following the war, the return to pri- 
vate ownership and direction to secure the necessary 
incentive and re-establish practical economic principles 
should have been brought about as quickly as possible. 


TECHNICAL SESSIONS 


Two technical sessions were arranged for in coopera- 
tion with the Society for the purpose of bringing the 
automotive engineers and the oil engineers and chemists 
into as close professional relations as possible. The com- 
mittee of the Society which is charged: with the duty of 
making recommendations relating to research work con- 
ferred during the meeting, and tests will be formulated 
and conducted in connection with unsolved internal-com- 
bustion engine fuel problems. 

F. C. Mock, of the 8S. A. E. Fuel Committee, prepared 
for the Conference a statement on the utilization of pres- 
ent automotive fuel. He explained that in the case of 
the ordinary passenger-car engine the individual fuel 
charges vary in volume from that of a sphere of about 
3/16 in. in diameter, for the full-load charge, to much 
less with the engine idling. These charges must be de- 
livered in 1/6 sec. at the lowest engine speed, and in 
1/100 sec. at very high speed. In three years of inten- 
sive research only one method has been found of accom- 
plishing this fuel feed with an accuracy that will give 
any sort of satisfactory operation. This involves meter- 
ing the fuel along with and under the same force as 
the air flow, and delivering the fuel thus metered to the 
engine either as a vapor or a fine mist, commingled with 
the air charge. Whatever drawbacks exist in the fuel 
system of our automotive engines today, they are de- 
rived not from this principle but from their failure to 
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function according to it. Mr. Mock said that experi- 
ments by trial have shown that the present fuel will not 
and cannot possibly atomize at the temperatures and 
under the conditions of operation of our motor cars. 
Probably 90 per cent of the cars in use are operating 
with an intake-manifold temperature below 120 deg. 
fahr. Under such condition the fuel system fails lament- 
ably. The fuel feeds to the cylinders irregularly and 
intermittently, and to give operation under the require- 
ments of changing load and speed, it is usually necessary 
to increase the richness of mixture from 15 to 30 per 
cent, which is highly detrimental to many functions of 
the mechanism, as well as a notable economic waste. 
If the spray from the carbureter is directed upon a sur- 
face heated to a temperature near or above the end boil- 
ing-point of the fuel, the already fine drops from the 
carbureter will be broken up into even smaller particles, 
and it is possible to produce this condition and attain 
good engine operation at a mixture temperature 40 to 50 
deg. fahr. below the temperature of complete vaporiza- 
tion of the fuel. 

With fuel of the present end-point, the exhaust tem- 
perature is adequate even with the engine idling. If the 
end-point of the fuel be raised, a point will be reached 
where the exhaust temperatures at light loads are too 
low for proper action, and an external application of 
heat will be necessary. Mr. Mock conceives the future 
fuel requirements to be, first and most important, stabil- 
ity of fuel characteristics. Troubles encountered with 
“casinghead” gasoline in warm weather, and blends of 
“high-test” gas and kerosene in cold weather, are minor 
instances of the difficulty resulting from the variation 
in fuel quality; second, the invention and general use 
of an ingredient that can be added to the present fuel 
to prevent detonation and to permit more satisfactory 
operation with present compression, and a development 
toward higher compression with its resultant gain in fuel 
economy. 

W. F. Parish presented a paper on dilution of crank- 
case oil, and proposed a new method of determining such 
dilution. He pointed out that the use of heavy fuels 
in engines designed for the use of the lighter and more 
volatile fuels had brought about an unbalanced condi- 
tion of the fuel, the engine and the lubricating oil, and 
developed the dilution problem. He stated that with all 
four-cycle engines some leakage of the fuel mixture takes 
place during the compression stroke, the amount of leak- 
age depending upon the mechanical fit of the rings and 
the degree of perfection of the seal formed by the lubri- 
cating oil. The gas that escapes has all of the com- 
ponent parts of the fuel mixture in the cylinder at the 
time of leakage. The gas that leaks into the crankcase 
igs broken up by the eddies of air and oil vapor, and the 
fuel is absorbed by the lubricating oil. There is no dilu- 
tion when the engine is operated with natural or arti- 
ficial gas. In this case the lubricating oil gets heavier. 
If the heaviest of the distillates is used in the same 
engine and unde: the same conditions, the leakages com- 
bining with the oil make a mixture of various propor- 
tions of lubricant and fuel. Dilution difficulties are more 
pronounced in winter than in summer. The amount of 
lubricant that works into the upper parts of the cylinder 
and is consumed depends upon the body of the lubricant. 
Thick oil works up very slowly and is naturally con- 
sumed more slowly than thin oil. In the same engine, 
with the same fuel and temperatures, for the same pe- 
riod of time, dilution will be greater with the thinner oil. 

Dr. H. C. Dickinson and S. W. Sparrow of the auto- 
motive powerplants section of the Bureau of Standards 
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contributed some results of tests bearing on possible 
fuel savings in automotive engines. They premised that 
the typical automobile engine, while representing a tri- 
umph of engineering as regards simplicity and engineer- 
ing, leaves much to be desired in the way of fuel econ- 
omy, stating that under ordinary road conditions the 
efficiency probably does not exceed 10 per cent; and of 
this 10 per cent much is lost in transmission to the rear 
wheels and to the road. They summarized the immediate 
possibilities of fuel conservation in existing engines as 
follows: 

(1) By avoiding unnecessarily rich mixtures in the 
operation of all automotive vehicles as at present 
equipped 

(2) By supplying carbureter and manifold equipment 
on new and, in some cases, on older cars, which will 
make better fuel economy possible, or in other words 


cook the engine food according to the dictates of 
economy 


The numerous fuel improvers and dopes of various 
kinds marketed with guarantees to increase the mileage, 
remove carbon and generally improve the behavior of 
engines, are evidence of the results that can be secured 
in many instances by inducing the driver to use a leaner 
mixture, as most, if not all, of the various improvers 
have absolutely no effect other than to induce the user 
to exercise more care in the use of fuel. 

Numerous tests made for the sake of comparing aver- 
age carbureter settings with the best settings for dif- 
ferent cars have shown that without any other changes 
whatever, fuel consumption can often be reduced as 
much as 25 per cent. The average driver has his car- 
bureter set much too rich for best operation under aver- 
age driving conditions. The dash adjustment fitted on 
most vehicles at present permits the operator to control 
the mixture ratio at will. While this practice enables 
the careful operator to save fuel, it also allows the care- 
less driver to waste an excessive amount, and the econ- 
omy which a careful operator can effect in this respect 
is important, particularly when a vehicle is often allowed 
to stand and cool off. 

Extreme performance in acceleration necessarily means 
much waste of fuel, except in the rare cases where the 
intake manifold is sufficiently heated to supply a sub- 
stantially dry mixture to the engine. 

There is no question whatever that increasing the 
end-point of fuels increases the fuel consumption in gal- 
lons per mile of the average car. This increase in spe- 
cific consumption certainly becomes very rapid with in- 
creasing end-point above about 400 deg. fahr. 

There is some evidence to show that in the present 
average engine fuels the end-points have approached if 
not passed the point where a further increase will ac- 
tually deplete rather than increase the total available 
fuel supply. If engine fuel alone were to be considered, 
the end-point could be increased to such a point that 
further increase in end-point would increase the con- 
sumption more than it would increase the production. 

In opening the technical sessions Mr. Horning gave 
a comprehensive outline of automotive internal-combus- 
tion engine conditions in current practice, including a 
brief summary of the thermodynamic principles 1n- 
volved, and taking up matters related to thermal and 
mechanical efficiency, he explained the way in which the 
brake mean effective pressure of engines depends upon 
the air cycle, combustion, mechanical and volumetric effi- 
ciencies, the density of the fuel charge and a constant 
factor which he specified. In speaking of the manner in 
which it is claimed that incorporating the so-called dopes 
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in petroleum fuel permits an increase of the compres- 
sion ratio and, in turn, of thermal efficiency, he recom- 
mended that the petroleum industry should include in the 
fuel produced by it more of the aromatics or homologues. 

There was considerable discussion of oil viscosity as 
affecting an engine’s mechanical efficiency and, in con- 
sequence, the thermal efficiency. An important problem 
in connection with the efficient utilization of fuel is se- 
curing adequate vaporization, it being advocated that the 
lightest lubricating oil possible under the prevailing con- 
ditions in a given instance should be used. The inclu- 
sion of free fatty acids in lubricating oil, which has been 
discussed recently in connection with the so-called germ 
process, was mentioned. Various matters relating to 
piston design and clearances were taken up. 

The improved utilization of kerosene, which the farm 
tractor industry has developed, was emphasized. The 
load on tractor engines being a maximum for a large 
part of the time, kerosene can be used as ‘fuel for them 
better than for passenger cars, where the engine loads 
fluctuate greatly and are light during a large part of 
the time. For a similar reason heavier fuel can be used 
in motor trucks more satisfactorily than in passenger 
cars. 

PRoPER ENpD-Pornt 


The most important feature of the meeting from a 
technical standpoint was the discussion of the proper 
end-point for gasoline for automobiles. It was argued 
by Mr. Crane that it is impossible to build into an auto- 
motive engine to be used widely by the public non-ad- 
justable devices that will burn the present gasoline as 
efficiently as it should be burned. On many cars the 
heavy end-points of gasoline go into the combustion- 
chamber in a liquid and not in a vapor or a fog form. 
Under these conditions it is impossible to combine air 
with the fuel in proper proportion constantly; the 
heavier portion of the fuel cannot be taken care of by 
the carbureter. The public wants good car acceleration, 
and this can be had only with a richer mixture than is 
most economical. It is felt by the automotive engineers 
that a considerable percentage of the gasoline currently. 
produced is not only waste material inasmuch as it is 
not burned in the engine, but produces crankcase oil 
dilution, engine carbonization and other objectionable 
conditions. 

Mr. Crane said that it is very doubtful whether any 
portion of a petroleum fuel having a distillation tem- 
perature above 400 deg. fahr. is of actual value in an 
automotive engine for general use in the hands of the 
public, the dividing line, of course, depending on the 
type of service. It is expected that comprehensive scien- 
tific tests will be made to determine this question, which 
is now largely a matter of opinion. With reference to 
the economic use of gasoline by motor-car users, it is 
thought that improvement in this respect is principally 
dependent upon educational movements and better serv- 
ice conditions. 

To secure a greater thermal efficiency of automobile 
engines, higher compression pressures than are currently 
used are necessary, and it is apparent that to this end 
modification of the fasoline currently produced is essen- 
tial. The volatility of the present fuel should be ex- 
haustively investigated, and it is believed that the oil 
chemists and the automotive engineers will proceed ag- 
gressively in this connection, each group supplementing 
the efforts of the other by research work. The matter of 
the widespread use of small economical cars is inexplica- 
bly involved in the public demand. It is very question- 


able whether the time will ever come when the American 
public will be satisfied to shift gears frequently enough to 
secure full-load engine conditions and resultant economy. 

The representatives of the oil industry stated that 
they receive less complaint from automobile users now 
with regard to gasoline than they did several years ago 
when 350-deg. end-point gasoline was to be had. The 
automotive engineers feel that the currently produced 
437-deg. end-point fuel has never been demonstrated by 
scientific tests to be the most economical automotive 
engine fuel that can be made available to the public un- 
der present conditions. 

There was considerable argument at the meeting with 
regard to the reason for the decreased use of motor cars 
in winter, that is the extent to which this is attributable 
to difficulty in engine starting in cold weather. The 
starting trouble can be ascribed partly to the fuel and 
partly to the lack of adequate auxiliary engine appa- 
ratus. Undue carbureter choking results in maintenance 
difficulties such as crankcase oil dilution, dirty valves 
and engine carbonization. 

It is believed that the very beneficial cooperation that 
has been inaugurated within the last year between the 
American Petroleum Institute, the Society of Automo- 
tive Engineers and the National Automobile Chamber 
of Commerce, will be extended in scope and effectiveness, 
resulting in frequent interchange of information be- 
tween automotive engineers and oil chemists, and the 
authoritative determination of the most economical auto- 


motive engine fuel end-point for both summer and winter 
service. 


BIG MARINE DIESEL ENGINE 


HE following table gives the principal dimensions and 


specifications of the recently produced 2400-hp. Worth- 
ington marine Diesel engine. 


Indicated horsepower 2,400 
Brake horsepower 1,750 
Mean effect of pressure, lb. per sq. in. 85.5 
Mechanical efficiency, per cent 75 
Bore, in. 29 
Stroke, in. 46 
Compression, lb. 500 
Injection pressure, lb. 900 
Main bearings, in. 17% x 24 
Crankpins, in. 15x18 
Wrist pins, in. 9%x10% 
Length, ft. 55% 
Height, ft. 23% 
Weight of crankshaft, tons 36% 
Weight of engine, tons 339% 
Weight per indicated horsepower, lb. 327 


According to a recent issue of Power from which this in- 
formation is taken, this is the largest four-cycle marine 
Diesel engine that has been built thus far. 


PETROLEUM INDUSTRY 

— time may be foreseen when, through the accomplish- 

ments of technochemical investigation, the petroleum in- 
dustry will yield a range of fuels for the internal-combustion 
engine only; kerosene in quantity narrowing to that desirable 
for country use and export trade; lubricating oils adjusted to 
the growing demands of mechanical power; and an ever- 
widening range of chemical products supporting a great 
petroleum by-products industry, rivaling if not exceeding the 
coal-products industry in importance. In respect to the last, 
it should be emphasized that the United States today faces an 
opportunity similar to that which 20 years ago confronted 
both Germany and the United States as regards the manu- 
facture of dyestuffs, explosives, fertilizers, drugs and other 


chemicals from the non-fuel components of coal.—W. A. 
Hamor. 
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Naval Architecture in Aeronautics 


By Com. J. C. Hunsaxer, U.S. N.? 


give a graphical analysis of the weights of 
heavier-than-air craft from a purely empirical 
standpoint and to establish the trend of design, if any 
definite trend does exist. Some of the charts give nega- 
tive results but, in my opinion, are still useful to explode 
certain theories as to the effect of mere size on perform- 
ance. 
For the purpose of this study, the following classifica- 
tion is used: 


. N attempt is made in the accompanying charts to 


(1) Single-seater airplanes 

(2) Two-seater airplanes (1 to 3% tons gross) 
(3) Multi-engined airplanes (3% to 9 tons gross) 
(4) Multi-engined airplanes (9 tons and over) 


Within each class there are three subdivisions into 
(a) land planes, (0) float seaplanes and (c) boat sea- 
planes. 

The three principal variables affecting the perform- 
ance of an airplane are gross weight, pounds per horse- 
power and pounds per square foot, and these items are, 
therefore, considered to be fundamental, and variation 
of other items considered with respect to them. 

The weight of an airplane is divided into its main 
groups in accordance with the following scheme: 






GROSS WEIGHT 






WEIGHT EMPTY USEFUL LOAD 







POWER PLANT STRUCTURE 






BODY WITH LANDING 
TAIL SURFACES GEAR OR HULL 

To make the body group comparable in all types of 
machine, there are included in it in the case of land 
airplanes, the fuselage and landing gear; in the case of 
float seaplanes, the fuselage, floats and their struts; and 
in the case of boat seaplanes the hull and auxiliary floats. 
In order that the body weights of various types of boat 
seaplane may be comparable, any outriggers which sup- 
port the tail are included in the body group. The power- 
plant group includes machinery with all accessories and 
tanks. The useful load includes fuel, crew and military 
load. 

Fig. 1 shows the wing and tail weight expressed as a 
percentage of the gross weight plotted against the gross 
weight. A representative line drawn through the points 
indicates a uniform weight of 20-per cent of the gross. 





tWilbur Wright memorial lecturé delivered before the Royal 
Aeronautical Society of Great Britain at London. June 22, 1920. 
Reprinted in abstract form through the courtesy of the Royal Aero- 
nautical Society. 

7Bureau of Construction and Repair, Navy Department, Washing- 
ton. 


Illustrated with DRAWINGS 


The points lie remarkably close to this line, and in gen- 
eral the points which lie above have a higher factor of 
safety or a lighter loading than the ones below. The 
large machines, it should be remembered, have generally 
higher wing loadings and reduced factors of safety. The 
United States Navy training seaplanes may be noted in a 
group above the line at 2500 lb. These machines have a 
light wing loading and a high factor of safety. At about 
3800 lb. and below the line is located the Curtiss HA 
float seaplane, which has a high wing loading and a mod- 
erate factor of safety. The Curtiss HS boat seaplanes 
are in the vicinity of 6000 lb. and very near the line. 
The same may be said of the F5 group at about 13,000 
lb. and the NC group at about 25,000 Ib. 

Fig. 2 gives the body weight in percentage of the 
gross weight. A representative line drawn through this 
group of points appears to have a downward slope. 
It will be noted that up to about 6000 lb. the seaplanes 
lie considerably above the line, while above 6000 lb. the 
seaplanes lie very near the line. Almost invariably the 
land planes lie below the line, indicating that the body 
weight of seaplanes is greater than that of correspond- 
ing land machines except in the very largest sizes. In 
large flying boats the hull, combining the functions of 
landing gear and fuselage, weighs about the same as the 
corresponding group of the airplane. 

It is more difficult to find a representative line for 
Fig. 3, which is a plot of the structural weight obtained 
by a summation of the ordinates of Figs. 1 and 2. The 
different types are, however, segregated in a logical 
manner. The training machines, about 2500 lb., have 
a high percentage of structural weight as expected. The 
seaplanes and flying boats up to approximately 7000 lb. 
have a noticeably higher structural weight than the cor- 
responding land machines. Fig. 4 is a plot of power- 
plant weight with a mean line showing a downward 
trend, indicating that as size increases the percentage 
of powerplant weight decreases. This seems reasonable, 
as the large machines are not designed for great speed 
and the power is more nearly in proportion to gross 
weight than in the smaller machines which are generally 
considerably over-powered. Fig. 5 is a plot of weight 
empty or. structure plus powerplant. The mean line 
drawn through the points indicates that as the size in- 
creases the percentage useful load increases, but only 
slightly. 

To throw more light on this most important indication 
of a trend in design, Fig. 6 has been prepared to include 
similar data for some 200 machines of all types. It is 
confirmed by this more comprehensive chart that, as 
before, the weight empty in percentage of the gross 
weight decreases slightly with the size, leaving a larger 
percentage of useful load. There is a distinct trend es- 
tablished, but the most interesting feature is the insig- 
nificance of the advantage of mere size. This chart was 
examined to discover any segregation by types. Such 
segregation is shown graphically in Fig. 7. where the 
heavy outlines represent the classes. It will be noted 
that the single-seat machines of Class 1 and the two- 
seaters of Class 2 overlap between 2000 and 2700 lb. It 
was impossible to distinguish between the land planes 
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and float seaplanes in Class 1, but boat seap!anes are in 










































2 a group by themselves. In the case of the two seaters 
it all seaplanes are segregated in the upper part of the 
1S chart, showing that for gross weights between 2000 
4 and 7000 lb. the seaplanes appear to have a smaller per- 
| & centage of useful load. In Class 3 it is shown how fhe 
g ———— F5, which is an improvement and development of the 
$ |S + H16 flying boat, carries a greater load. To summarize, 
2 . it may be concluded that the lower limit of percentage 
a | So > weight empty so far realized by successful designs is 
me 2 about 53 per cent. It may also be concluded that in 
Ss i5¢ + large sizes there is no superiority of land planes over 
seaplanes as weight carriers. 
= 28 Figs. 8 to 11 show the relation between these same 
S. | & s group weights and the power loading or pounds per horse- 
™ Bind power. There is a large range of loading, but the points 
a >| lie thickest between 12 and 18 lb. per hp., the high-speed 
1s =" airplanes lying below 12 and the low-speed and training 
|= So o| machines lying above 18. In Fig. 8 it appears that as 
the power loading increases, the per cent powerplant 
|5e @ weight decreases, the lower limit being practically con- 
s w stant at 20 per cent from 15 lb. per hp. up. Fig. 9 
Ss brings out a rise in percentage structure with high power 


Class! 
Class 2 


loading, due probably to the larger wing surface neces- 
sary on account of reduced speed. The large percentage 
of structural weight in the training plane region, 22 to 


























26 lb. per hp., is noteworthy. Considering Figs. 8 and 

Bae 9 together, it is evident that seaplanes have, in general, 
1S ~ a lower percentage powerplant and a higher percentage 
os 38 structure than land planes. This, of course, indicates a 
1S o> La poorer performance. As the weight of the wing surface 
o> Se 5 is most affected by the power and generally represents 
| 3 =s < about 50 per cent of the structural weight, Fig. 10 show- 
° 2 RY es ing the percentage of the wing and tail weight in terms 
les NS c of the gross weight was plotted to show this increase 
at - more clearly. Fig. 11 which gives the weight empty as 
1g = a percentage of the gross weight is interesting, in that 
‘os =8 it seems to indicate, neglecting training airplanes and 
Ss certain other abnormal airplanes in the upper part of 





the plot, that the minimum light weight is obtained for 
a power loading of between 14 to 18 lb. 

In general, it would be expected that, if the group 
weights of Figs. 8 to 11 were plotted against pounds per 
square foot instead of pounds per horsepower, the en- 
velopes should slope in the reverse direction. Figs. 12 
tc 15 on page 508 confirm this contention although not. 
conclusively. Fig. 12 shows that the per cent structure 
decreases with an increase of loading, and is supported 
by Fig. 13, which shows a decrease of wing and tail 
weight with increase of wing loading. Fig. 14, in which 
the weight empty as a percentage of the gross weight 
is plotted against the loading in pounds per square foot 
shows, as expected, a decrease with high wing loading. 

Fig. 16 on page 509 shows how designers have selected 
the wing loading for machines of different sizes. There 
is no marked segregation between seaplanes or land planes 
in Classes 1, 2 and 3, but in Class 4 it will be noted that 
the boat-type seaplanes have higher wing loadings than 
the corresponding land machines. The wing loading is de- 
termined more by the allowable maximum landing speed 
than any other consideration. This chart is principally 
of interest in showing the upward tendency of the load- 
ing in the case of boat seaplanes as the size increases, 
and brings out the principal advantage of the large flying 
boat. 

Fig. 17 on page 509 shows in a general way the trend 
of design in regard to wing weights. The unit wing 
weight, including struts and wires, but excluding tail sur- 
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faces, increased rapidly with wing area up to about 1300 
sq. ft., but about this point we have a decrease in factor 
of safety and the introduction of hollow struts and spars. 
Probably for these reasons, the unit wing weight does 
not continue to increase and for especially refined designs 
may even take a drop. Again at about 2500 sq. ft. we 
expect the introduction of latticed construction for wing 
beams and ribs, and again a check in the rising trend of 
unit wing weights. As a result the unit weight of wings 
for large machines need not increase materially provided 





15 


the type of construction is changed to take advantage of 
opportunities for more economical use of material. In 
particular, the very large machines, if given a triplane 
wing arrangement, should show a reduction in unit wing 
weight, especially where latticed metal construction is 
introduced. 

The symbols in the first column of Tables 1 to 4 denote 
the class and type of each airplane in accordance with 
the scheme outlined on page 504. The data in these 
tables were obtained from official publications of the 
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TABLE 1 gyration. It appears that the rolling will be quick and 
Percentage of Gross Weight hence uncomfortable when Gm is large. For an easy ship 
un Sens =} oe | Bei 8c) 218 leel aa] = Gm should be small, but not so small as to impair the 
oe = a Q. al aS “1: 
Le fo 4 3\47| & ge e4\23| & range of stability. For passenger steamers Gm may be 
—|—|——_ —|—*|— made small with safety, but for warships it is necessary 
la Hanrict 1,709} 195] 8.7| 13.1] 65.6] 39.0] 26.6] 15.5] 23.5 to provide a large Gm to provide for stability in a dam- 
la | Avro Spider 1,734; 208) 8.3) 15.1) 66.2) 32.4) 33.8) 15.9) 16.5 re: i i ‘“ .) 
1b | Hanriog 15827] 195] 9/3] 14.0] 67.9] 43.0] 24.9] 14.5] 28.5 aged condition. I have spoken so far of the “lateral 
la | SE-5A 2,100) 240) 8.7) 11.7) 72.9) 35.1) 37.8) 15.7) 19.4 metacenter which controls the rolling of vessels. There 
2a | Avro 504K 1,829} 330] 5.5] 16.6] 67.3] 43.8] 23.5] 20.1] 23.7 is, of course, a strictly analogous “longitudinal” meta- 
2a | VE-7 1,958 299} 6.5) 13.0] 71.4) 35.7) 35.7] 16.6} 19.1 2 . © © a. 
2a | Sopwith (134) 2°377| 353} 6.7| 18.2] 57.8] 37.1) 20.7] 17.0] 20.1 center which controls the pitching. The metacentric 
2b | N-9 2,412) 496] 4.8] 24.1] 77.9] 53.2) 24.7] 24.5] 28.7 i is. O se. an i stati . iti 
~ MP 244s) 40il 6 24-4 £5.0] 40.5] 26.1] 253] 24 height is, of course, an index to the statical condition 
2c el 40 2,461 D8} 4.8) 24.6) 79.6] 54.4] 25.2) 30.3) 24.1 
2a | M-8 2,517, 204] 12.3] 8.4] 65.0] 30.0] 35.0] 14.9) 15.1 TABLE 2 
2b | Aero, 39B 2,543] 494) 5.1] 25.4] 77.6] 53.3] 24.3] 23.6] 29.7 
2b | Aero, 39A 2,618} 494! 5.3] 26.1) 78.0] 51.7] 26.3] 22.9] 28.8 ee ae 
2b | HA 3,805} 386] 9.8] 10.0) 70.4] 36.9] 33.5] 12.7] 24.2 ercentage of Gross 
2b | R-6 3,964] 613] 6.4] 19.8] 77.7| 48.5| 29.2] 22.6] 25.9 eine Lb. | Lb. Weight 
2b | HA 3,975} 485) 8.2) 10.5) 71.7| 39.6] 32.1) 16.4) 23.2 Class | — Weight,| Area. | per | per 
2a | US De 4,600} 514| 9.0} 11.5] 56.2] 26.6] 29.6| 14.0] 12.6 ~~ €F 53-3 aaa 
2b | Mat 5,418] 620] 8.7] 14.3] 75.2} 45.5] 29.7] 20.6] 24.9 See fue * [Bmve| “tare | plat 
2 -1 5,795 695; 8.3] 16.1) 72.9} 48.4) 24.5) 23.0] 25.4 | 7 
2c | HS-1L 5,902| 653] 9.0} 16.4] 68.9] 42.4] 26.5] 22.3] 20.1 eet > gee MO Te eng EOE oe - 
2c | HS-2L 6,373) 803] 7.9] 17.7] 66.9] 41.9] 25.0] 23.3] 18.6 | Nieuport XXI | 1,179] 161 | 7.3 | 14.7 | 70.0 | 43.0 | 27.0 
2c | HS-3 6,900} 824] 8.3] 19.1] 65.9] 44.8] 21.1] 23.9] 20.9 ~w Da 1,275 = : 1 | 13.4 se 30.1 | 30.1 
‘ } 3 916 57 "91 17.3] 58.9] 37.7] 21.5 a} Db 0 15: 9.2 | 14.7 | 60.9 | 32.7 | 28.2 
2c | Sperry 6,916} 678) 10.2) 17.3) 58.9} 37.7] 21.2] 18.4] 19.3 <a eo 140 10.2 +H 65.0 | 33:0 | 32:0 
3a | MBT 10,168] 1,080} 9.4) 12.7] 64.0] 34.2] 29.8] 18.7] 15.5 la | De | 1,720 254 | 6.8 | 12.3 | 71.4 | 31.4 | 40.0 
3e | H-16 10,900 1,164] 9.4] 15.1] 67.9] 41.9] 26.0] 21.4] 20.5 la | Dd 1,855 | 254 | 7.3 | 11.2 | 70.0 | 26.0 | 44.0 
3a | Caproni 12,810] 1,420} 9.0} 11.8] 60.2] 25.7] 34.5] 14.4] 11.3 _ me 1, 865 221) 8.5 | 11.0 | 74.9 | 29.8 | 45.1 
3e | F-5-L 13,000] 1,397} 9.3] 18.1| 63.6] 40.8} 22.8] 21.4] 19.4 a | Snad XIII 11987| 226 | 83] 8.6] 70.0 | 31.0 | 39.0 
3c | F-3 13,400} 1,425] 9.4] 19.1| 59.1] 37.2] 21.9] 20.5] 16.7 la | pf 1,960 | 225 | 8.7 | 11.8 | 71-0 | 28.6 | 42.4 
3e | F-6-L 13,514] 1,397] 9.7] 18.8] 57.4] 36.0} 21.4] 18.4] 17.6 i Dg 1,990 278 7.2 | 12.0 | 72.8 | 32.4 | 40.4 
3a |Handley Page | 14,374] 1,648] 8.7| 17.9] 55.6] 34.4] 21.2] 20.3] 14.1 1a | Dh 2,000 | 247 | 8.1 | 12.0 | 71.7 | 28.2 | 43.5 
3e | F-5-L 14,844) 1,397] 10.6} 17.6) 62.3) 36.4) 25.9] 19.4) 17.0 in re 2.29 a=. of ap Ag ay os 
4c | NC-2 22,600] 2,441] 9.3] 20.9] 60.6] 35.5] 25.1] 20.0] 15.5 al De a'101| 246 | 8.6 | 12.7 | 70.3 | 31.5 | 38.8 
4c | NC-4 28,000} 2,441) 11.5) 17.5] 57.1) 30.5) 26.6] 16.1] 14.4 19 | DI 2,260} 280 | 8.1 | 12.2 | 72.3 | 31.8 | 40.5 
4a | Tarrant Tabor | 44,862) 4,950} 9.1) 15.0) 58.2) 37.6] 20.6) 22.6] 15.0 4 | Albatross 2,425 288 8.4 8.2 | 69.0 | 31.0 | 38.0 
2b | sonwith-1 2, 344 | 5.9 | 15.2 | 57.0 | 34.0 | 23.0 
2b) FBATypeC | 2 322 | 6.4 | 15.9 | 68 0 45.0 | 23.0 
“a | Ba : 2, 449 5.1 | 16.4 | 59 31.8 | 27.9 
~ : , |< 7). 
British, French, Italian, German and United States Se | cone 2, mi Ser etlae | ae let 
Governments, and technical publications. = = 2 ss | 7a | cee | one | on? | 988 
S ) 2: « 1.2 DD. ae 23.4 36. 
2a | Hanriot 2,! 274 | 9.1 9.7 | 63.0 | 29.0 | 34.0 
Meracentric Hreicut 2a | Be 2, 457 | 5.9 | 21.6 | 67.4 | 42.4 | 25.0 
; t ‘ 2a Ar Type L 2, 484 5.6 | 13.4 | 66.0 | 32.0 | 34.0 
The metacentric height or distance from the center of 2a! Ce 2, 207 | 9.1 | 16.7 | 57.8 | 26.4 | 31.4 
. ° P ° ° “a1 Cd 2, 370 7.7 17.4 57.4 28.0 29.4 
gravity to the metacenter is the limit of the distance 2a | Ce 2" 307 | 721176 | 59.4 | 30.2 | 29.2 
. 2a | Snad X ‘ 31! 35 3! 3: 
Gm on Fig. 18 as the angle of roll A® from the normal ta} get xx 3, | ett li oel mil ae 
: eas a. & ° 2. BB. i ‘ ot ap 
or upright position becomes small. A ship is stable if = Ce far! aitetatte 2 | 376 | 200 
° . ° é D 2, | 388 7 7 3.2 27.6 é 
there is a righting moment for any angle of heel. The 2a | Salmson 2 2' 956 | 388 | 7.6 | 11.0 | 62.0 | 32.0 | 30.0 
. en 2 “1. . . ° 2a “ ‘ 7 ” ¢ 56.6 94.5 29 § 
initial stability is measured by the metacentric height a3 | 2'970| 308 | 97 | Ine | 87.9 os i ae 
in the upright position. If the ship be already heeled 4 Cl 2,§ e ? 17.9 st oe =.6 
. . . . m 2, ” ‘ e oe é 
through a large angle, she is still stable if she still has a 201 Cn 3. 435 | 6.9 | 181 | 61.2 | 33.8 | 27.4 
es . . . 2a : 5 7s 59.9 | 27.4 | 32.5 
positive metacentric height. There is thus to be con- 2a OS $7 | 64] ine | 65.0 | 32:0 | 33:0 
sidered the problem of range of stability or the angle of 2a | Cp 3, =) cet wel ae t msl oe 
. . . . e mes nea °o, or i] ) fe ‘ on 
heel permissible before the metacentric height vanishes. 2a | Cq 3. 461 | 7.4 | 14.7 ¥- 27.2 | 35.3 
. . * . . 2aic 3 50 7.2 5 52 29.6 | 32.8 
The period of a roll, neglecting damping, is given by 2a CG. 3! an) el us 04.1 97:7 | 36.4 
: eae , e ia pading 2a | Ct 3,! 433 8.3 15.9 | 6 28.4 | 33.0 
the expression t = zk /\/ (g.G@m), where k is radius of aie >) =) Set Sel ost et a 
2a | Cy ee. 460 7.9 | 13.5 | 60.8 | 25.8 | 35.0 
2a | Cw 3, 266 9.9 | 13.5 | 59.4 | 26.2 | 33.2 
2a | Le Pere 3, 393 9.3 | 10.1 | 67.0 | 32.0 | 35.0 
2a | (x  % 460 8.0 13.7 61.1 26.6 34.5 
2b} DD 2. 568 6.8 | 18.8 | 63.0 | 440 | 19.0 
2a | Cy 3, 438 8.7 14.5 62.3 29 4 32.9 
2a | Breguet 4, 527 7.7 | 10.1 | 65.0 | 30.0 | 35.0 
2a | Ja 4, 400 10.3 18.5 | 51.8 | 240 | 27.8 
2a | Jb 4. 546 8.1 19.7 56.4 31.7 24.7 
2a | Caudron R-11 4, 538 8.5 11.5 64.0 35.0 29.0 
2a | Ga 5. 792 7.8 18.6 63.9 35.5 28.4 
2a | Gb 797 8.3 14.2 60.5 25.0 35.5 
2a | Ge 915 7.3 12.2 62.1 28.5 33.6 
2a | Gd 849 7.9 20.5 66.9 40.1 26.8 
2a | Ge 809 8.7 15.6 60.9 27.6 33.3 
3a | Gf ; 853 841] 16.0 | 63.3 | 30.9 | 32.4 
3a | Gg 5 816 9.2 16.7 63.0 33.5 29.5 
3a | Gh t 740 } 10.2 | 14.1 | 57.6 | 24.7 | 32.9 
3c | Tellier , 928 8.2 19.0 67.0 47.0 20.0 
3a | Gi 7, 835 9.6 14.9 62.4 27.9 34.5 
3a | Gk : 915 7 14.9 60.6 30.2 30.4 
3a | Gl 8,050 915 8.8 15.0 61.0 30.8 30.2 
3a | Gm 8,370 1,072 7.8 15.6 62 31.3 31.2 
3a | Caproni 8, 752 1,023 8.8 16.3 63.0 33.0 30.0 
3a |} Voisin E 87 12,566 1,679 7.4 15.7 57.0 34.0 23.0 
3a | Handley Page 13,360 | 1,539 8.6 18.7 64.0 37.0 27.0 
4a | Ra 22,600 | 3,570 | 6.3 | 30.7 | 65.1 | 45.5 | 19.6 
4a | Handley Page | 24,989 | 2,992 8.4 17.9 62.0 32.0 30.0 
4a | Rb 25,300 | 3,570 | 7.1 | 23.6 | 67.0 | 43.2 | 23.8 
4a | Re 25,800 | 2,860 | 9.0 | 24.0 | 66 39.5 | 27.1 
4a | Rd 28,600 | 3,570 | 8.0 | 23.2 | 68.9 | 41.3 | 27.6 
4a | Re 28,800 | 3,57 8.1 | 23.4 | 67.3 | 40.1 | 27.2 
4a | S. Schukert 35,274 | 4,789 7.4 19.8 62.0 36.0 26.0 
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TABLE 3 





Weight Empty 








Weight Empty 








_ Gross Area, Lb. Lb. in Terms of Gross Area, Lb. Lb. in Terms of 
Class Name Weight, Ib.| sq.ft. | persq.ft.] perhp. |Gross Weight, Class Name Weight, lb.| sq.ft. | persq.ft.| per hp. | Gross Weight, 
per cent per cent 
la | Macchi M 16A 562 122 4.60 5.90 62.6 2a | Vickers-Terni 1,965 602 3.30 20.60 72.0 
la | Macchi M 16G 562 122 4.60 7.90 60.6 2a | Ansaldo SVA2 2,030 236 8.60 10.00 75.5 
la | SA-2 810 156 5.20 14.7 64.2 2a | Vickers-Terni 2,060 602 3.40 18.70 63.5 
la | Ordnance E-C 1,117 190 5.90 13.90 74.8 2a | VE-7 2,090 292 7.20 11.60 72.2 
la | Macchi M-14 1,135 172 6.60 12.70 73.8 2a | Vickers-Terni 2,100 602 3.50 18.30 67.0 
la | Standard E-1 1,144 153 7.50 14.30 72.4 2a | Ansaldo SVA9 2,130 289 7.40 10.50 71.5 
la | Gabardini 1,150 160 7.20 12.80 71.1 2a | JN-4H 2,145 353 6.10 14.30 74.4 
1a | Macchi Mi 18 1, 150 140 8.20 | 12.80 89.2 2a | VE-7G 2,200 292 7.50 | 12.20 68.6 
la | Morane S-30EZ 1,157 145 7.80 8.50 77.1 2a | Aeromarine 2,220 494 4.50 22.20 74.3 
la | Morane S-30Eyv 1,157 145 7.80 12.30 77.1 2a | VE-7-GF 2,300 292 7.90 12.80 69.6 
la | Bristol Scout 1,159 204 5.70 14.50 68.1 2a | Ansaldo SVA10 2,390 289 8.20 10.80 67.5 
la | Nieuport 24 1,210 161 7.50 9.30 65.0 2b | Boeing 2,455 495 5.00 24. 60 79.0 
la | Sopwith Pup 1,225 254 4.80 14.60 64.2 2a | Ansaldo SVA10 2,460 289 8.40 9.90 68.5 
1b | Beards NIA 1,238 219 5.70 14.80 66.7 2c | Model F 2,460 387 6.40 24.60 75.6 
la | Macchi Ni 1,270 ‘ 7.90 10.50 68.6 2b | N-9 2,550 488 5.20 17.00 80.0 
la | Macchi HD 1,270 ; 6.90 10.50 66.9 2b | Type LS 2,570 251 10.20 8.60 70.6 
la | Sopwith Pup 1,297 252 5.20 12.40 66.0 2b | N-9 (Mod.) 2, 663 490 5.50 17.70 80.1 
la | Morse S4-C 1,37: 235 5.90 17.20 71.1 2a | JN-6 HB 2,687 353 7.60 19.90 66.9 
la | Macchi M14 1,412 y 7.90 11.80 68.8 2b | Tyne AS 2,695 386 7.00 9.00 66.3 
la | Sopwith Camel 1,422 231 6.20 10.40 62.5 2b} N-9 2,750 496 5.50 18.30 77.8 
la | Nieuport 24 1,442 145 9.90 8.50 64.0 2a | Sit Voisin 2,760 580 4.70 14.50 72.0 
la | Sopwith Camel 1,453 231 6.30 11.60 63.9 2c | STA-S13 2,840 370 7.60 11.30 69.1 
la | Sopwith Camel 1,471 231 6.40 9.80 65.4 2a | Bristol USB-2 2,848 406 7.00 9.80 63.0 
la | Vickers FB-19 1,478 911 7.00 11.60 60.5 2a | Bristol 2,910 403 7.20 9.70 63.3 
la | DH-5 1,492 211 7.10 11.80 67.5 2c | Macchi L-3 2,980 495 6.00 15.70 66.7 
la | Sopwith Camel 1,523 233 6.60 10.20 63.5 2c | Macchi L-3 2,980 495 6.00 15.10 66.5 
la | Sopwith Triplane 1,543 257 6.00 12.40 71.3 2a | Bristol USXB 2,994 406 7.40 10.00 67.1 
la | Spad 7-Cl 1,553 194 8.10 9.10 70.9 2c | SIA-S8 3,010 495 6.10 13.70 65.0 
la | Spad 18 1,560 194 8.10 9.10 71.0 2a | SAML-S2 3,080 420 7.35 | 11.80 73.0 
la | Nieuport 28 1,563 181 8.40 8.80 66.8 2c | Zari FBA 3, 100 450 6.90 16.30 66.0 
la | Hanriot 1,605 195 8.30 12.30 63.6 2a | SAML 6 3,140 485 6.50 12.10 70.3 
la | Spad 1,632 200 8.20 10.90 71.7 2c | SIA-S8 3,157 495 6.40 16.60 66.7 
1b | Sopwith Camel 1,721 231 7.50 13.70 68.0 2c | Macchi M-8 3,170 430 7.30 16.60 68.5 
lb | Sopwith Baby 1,742 245 7.10 13.90 73.3 2c | SIA-FBA 3,220 452 7.10 16.90 67.5 
la | Sopwith Snipe 1,775 270 6.60 7.80 74.0 2c | SIA-£8 3,220 495 6.50 16.10 68.0 
la | Spad 13. C 1,820 294 8.50 8.30 69.2 2c | Tellier 3,225 506 6.40 16.10 76.6 
lb | Hamble Baby 1,946 256 7.60 17.10 71.3 2a | R-4 3,272 545 6.00 16.40 68.0 
la | Spad CA1 1,947 222 8.60 9.20 66.4 2a | Savi Sp-2 3,360 720 5.20 14.40 73.6 
la | Ansaldo Al 1,950 - 8.60 8.90 72.3 2a | Pomilio PE 3,400 495 6.85 11.30 73.8 
la | Se-5A 1,958 247 7.90 9.30 71.5 2a | Ansaldo A300 3,460 aw Eh duehe 11.56 73.0 
la | Vickers MVT 1,970 231 8.50 8.90 73.0 2a | Pomilio PD 3,480 495 7.10 13.40 74.6 
la | SE-5 1,980 249 8.00 9.80 73.5 2a | DH-4 3,582 440 8.10 10.00 66.7 
la | Sopwith Dolphin 2,000 262 7.70 9.50 69.5 2b | HA 3,680 387 9.50 9.70 72.8 
la | Sopwith Snipe 2,020 270 7.50 8.90 65.4 2a | SIA-R2 3,710 500 7.40 12.40 74.5 
la | Morse MB-3 2,037 250 8.20 6.00 64.3 2a | SIA-SP3 3,730 645 5.80 14.40 73.4 
la | Spad 17Cl 2,077 222 9.10 6.90 73.0 2a | Breguet 3,750 526 7.10 12.50 68.2 
la | BE-12 2,104 371 5.7 13.20 73.0 2c | SIAI-S9 3,840 512 7.50 12.80 68.3 
la | Ansaldo SVA-4 2,130 260 8.20 9.70 71.5 2. | DD 3,860 491 7.90 19.30 56.6 
la | Ansaldo SVA-6 2,150 260 8.30 9.80 71.8 2c | Macchi M-9 3,880 495 7.80 12.90 68.5 
lc | Macchi PB 2,183 313 7.00 13.60 80.1 2b} R-9 4,184 613 6.80 20.90 72.9 
la | Salmson 2,264 258 8.60 9.00 67.7 2a | USD-9A 4,322 514 8.40 12.00 65.1 
la | Martinsyde F-4 2,269 330 7.00 7.50 75.4 2a | Pomilio VL-12 4,540 580 8.00 11.70 56.4 
la | Sopwith Snipe 2,271 269 8.90 10.00 58.5 2b | R-6-L 4,634 613 7.60 12.90 75.8 
le | Macchi M-5 2,280 i 8.10 12.00 73.7 2b | D-9 4,670 718 6.50 12.30 63.7 
le | Macchi M-5 2,300 oe 7.30 12.10 74.0 2a | USD-9A 4,872 514 9.50 13.50 57.8 
la | Spad 21 2,309 253 8.90 7.30 73.1 2c | Levi Le Pen 5, 180 739 7.00 18.50 58.9 
la | Sopwith Bomber 2,342 350 6.7 18.80 56.0 2c | SIAI-S12 5,210 562 9.30 10.90 66.2 
le | Macchi M-7 2,380 ie 8.50 9.60 69.8 2b | R-6-L 5, 662 613 9.30 15.70 62.1 
1b | Ansaldo ISVA 2,385 9.7 11.60 79.4 2a | Caproni CA 2 6,460 1,045 6.10 19.50 66.0 
lc | Macchi AS __ 2,390 8.60 12.60 70.0 2a | Caproni CA 2 6,710 1,045 6.30 16.00 66.5 
1b | Ansaldo ISVA 2,430 bes 9.20 11.90 79.6 2a | SIA-BR 7,000 756 9.20 16.20 68.2 
la | Martinsyde F-3 2,446 338 7.20 8.50 76.0 
la | Martinsyde 2,458 410 6.00 14.50 73.0 3c | TF 8, 846 930 9.50 14.80 63.0 
la | Martinsyde Cl 2,465 332 7.40 7.80 69.5 3a | DH-10A 9,000 851 10.60 12.50 53.9 
la | Nieuport Cl 2,532 266 9.50 7.30 70.4 3a | Martin Bomber 9, 663 1,070 9.00 14.40 60.7 
la | Ansaldo A-5 2,620 322 8.10 9.10 66.1 3a | MT 11,148 1,070 10.40 14.00 52.2 
la | Spad H-20-Cl 2,660 312 8.30 8.40 63.4 3c | H-16-1 11, 168 1,124 9.90 15.50 66.2 
3c | H-16-2 11,875 1,306 9.10 18.00 68.9 
2a | Macchi Ni 18 1,371 194 7.10 15.20 69.5 3c | F-5-L 15,430 1,397 11.10 21.50 63.2 
2a | Caudron AER 1,610 290 5.50 17.90 61.0 3c | Bast. PRB 16, 150 2,155 7.50 16.10 59.0 
2a | JN-4D 1,920 353 | 5.40 21.30 | 74.5 | 





| 
| 
| 





only, but for all practical purposes has served the naval 
architect very well. 

Unfortunately, the airplane designer has not 100 years 
of experience to draw on and there has been no ready 
handle on an airplane to seize upon like a metacentric 
height. Consequently, a great deal must be left to judg- 
ment, artistic feeling, comparison with other airplanes, 
and eventually to the opinon or prejudice of the test 
pilot. The need for some ready means for off-hand judg- 
ment of airplane stability and maneuverability has been 
felt for a long time. The mathematics of stability are 
too cumbersome for practical use, and require extensive 
wind-tunnel research to establish the necessary constants. 
It is my experience that we can build and fly a small air- 
plane in less time than it takes to perform the stability 
calculations. 


8A positive value of Mw in Bairstow’s notation. 
*Hunsaker, ‘“‘Dynamical Stability of* Aeroplanes,” Smithsonian 
Miscellaneous Collection, vol. LXII, No. 5. 





The general case of the disturbed motion of an air- 
plane is not simple, but the longitudinal or symmetrical 
motion is two-dimensional and can be considered apart 
from the lateral or asymmetric motion. For the longi- 
tudinal motion, we are interested in the pitching oscilla- 
tions and the criterion that such oscillations be stable. 
For airplanes of normal design, if there be a righting 
moment called into play by any angular deviation from 
the normal attitude,® the pitching oscillations so pro- 
duced are strongly damped. In other words, if an air- 
plane be statically stable it is also dynamically stable, so 
far as pitching is concerned.‘ 

My colleague, Com. William McEntee, U. S. N., sug- 
gested the application of the naval architect’s metacenter 
to measure the statical stiffness of an airplane’s longi- 
tudinal stability. I have assembled the data from all of 
the wind-tunnel tests on complete model airplanes that I 
had available, and have computed the metacentric height 
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TABLE 4 AM/A® =slope of curve of pitching moment 
ns But M = (AM/A9)@ 
Unit Weight And M = WGm sin @= WGm/4, for small angles 
Class Name Gross Area, Lb. of Wings, ’ : , + 4 
Weight, Ib. sq. ft. per sq.ft. [lb. persq. ft. Then Gm = (1/W) (AM/A?9) 

_ This algebraic definition of Gm has the dimensions 
1a | Hanriot 1,709 195 87 115 of a length and amounts to from 2 to 12 ft. for modern 
is Avvo Spider 1, 734 as $3 ; 7 airplanes and flying boats. It is directly proportional to 
la| SE-SA 2, 100 240 8.7 1.22 the coefficient M, of Bairstow’s notation, but immensely 
2a | Avro 504 K 1,829 330 5.5 0.98 more easy to remember for use for purposes of compari- 
A Sopith (136) von as t : - son. It is also proportional to the center of pressure 
2b ne 2,412 406 4 8 06 motion. To give the length Gm a physical meaning, Fig. 

d 2,44! 6. 27 ° 

%¢ | Model 40 2’ 461 508 4:8 130 19 has been drawn to an exaggerated scale. It will be 
2% | Aero. 39 B 2,543 494 5.1 1.09 
2 | Aero. 39 A 2,618 494 5.3 1.09 
2b HA 3,805 386 9.8 0.99 
% | R-6 3,964 613 6.4 1.32 
2 | HA 3,975 485 8.2 1.14 M 
2%} USD# 4, 600 514 9.0 1.13 2 
%| D4 5,418 620 8.7 1.59 , 
2b N-l 5,795 695 8.3 1.63 
2c HS-1-L 5,902 653 9.0 1.78 
2e HS-2-L 6,373 803 7.9 1.69 
% | HS-3 6, 900 824 8.3 1.76 
2c | Sperry 6,916 678 10.2 1.60 
3a | MBT 10, 168 1,080 9.4 1.59 J iB 
3e | H-16 10,900 1, 164 9.4 1.76 ies 
3a Caproni 12,810 1,420 9.0 1.15 
3c | F-5-L 13,000 1,397 9.3 1.81 
2¢ | F-3 13, 400 1,425 9.4 1.70 
3c | F-6-L 13,514 1,397 9.7 1.55 = 
3a | Handley Page 14,374 1, 648 8.7 1.66 = 
3c | F-5-L 14, 844 1,397 10.6 1.81 y 

a SS 
4e | NC-2 22,, 600 2,441 9.2 1.59 oS ae —F-— 
4c | NCA 28,000 2,441 11.5 1.59 2 . Ah W ) 
4a | Tarrant Tabor 44,862 4 ,950 9.1 | 1.93 = nonwe +09 es 4 A 

“ } 

Zz 

\% 

from the observed slope of the curve of pitching mo- rs) 
ments in the following manner: 
. ‘ |? 
QM, (High Speed) i 2 Pe 
a 
< 
= 
c 
Co 
2| 


RESULTANT AIR FORCE 
Fie. 19 


noted that m is the intersection of resultant lift vectors 
for successive angles of incidence, resolving the lift com- 
ponent at a line of reference through the center of 
D Mp gravity in the direction of motion. As an intersection, 
m is, therefore, dependent on the angle of incidence, and 


THRUST LINE | 








i Mz flow Speed) 
‘ : 








it can be shown that for large angles of incidence m 
approaches G. The metacentric height grows less and 
tends to vanish when the airplane stalls. This is, of 
course, entirely consistent with the unfortunate natural 
phenomenon which makes a stalled airplane notoriously 


unstable. 
> 46 8dRN% Fig. 20 is a graphical representation of a wind-tunnel 
Angle of Incidence deg. test of a model of a flying boat. It shows how Gm 


Fic. 20 diminishes for larger-angles of incidence until it van- 
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TABLE 5 30 
Angle of 25 y 
Machine Weight, Chord, Stabilizer Angle of Gm, 
lb. ft. to Wing, Attack, ft. 
deg. deg. 20 
SA-2 625 6.00 —2.00 9 3.35 
Morane-Saulnier 1,210 5.50 12 3.17 25 
AEG-D1 1,275 4.50 +0.25 4 5.00 
Boeing 2 1,600 5.00 —2.20 6 4.87 f 
Farman (1912) 1,610 6.10 - 10 6.78 © 
Curtiss JN-2 1,800 5.00 —3.50 2 9.35 4 
SVA 1,985 5.25 —2.50 5 5.72 “ 
Boeing 1 2,000 5.60 —5.00 6 13.45 
Thomas-Morse SH4 2,300 5.60 —5.00 6 8.66 
Curtiss N-9 2,310 5.00 —2.00 6 2.80 ’ 
Sturtevant S4 2,650 7.00 —5.00 4 7.45 Y 
Bristol Fighter 2, 680 5.50 —1.75 3 8.03 
Burgess S 2,800 6.50 —3.50 8 5.02 , 
Le Pere Fighter 3,655 5.50 —0.10 2 3.15 PS 
USD-9A Bomber 4,320 6.00 —2.80 6 12.61 Py 
N-1 (USN) 5,500 6.75 —4.00 8 6.00 zr 
Curtiss HS-1L 5,500 6.30 —5.50 y 7.18 o 
Curtiss H-12 8,050 7.00 —3.00 8 12.90 & 
TF (USN) 8 ,850 9.00 —2.00 10 10.77 Ee 
F-5-L 13,500 12.00 —1.50 y 6.80 = 
Handley Page 14,425 10.00 —1.50 6 11.95 oO 
NC-1 22,000 12.00 —2.00 8 11.20 < 
NC-TA 28,000 12.00 —1.00 8 27.40 i 
TB (USN) 60,000 22.00 —5.50 8 22.20 >= 
Verville-VCPI 2,425 5.50 —0.50 4 3.84 “ 
Le Pere-USAP2 2,100 4.50 —1.00 8 4.00 
Triplane-~GAX 9,450 6.00 —0.90 6 2.30 











ishes at about 12 deg. Table 5 gives the metacentric 
heights calculated from wind-tunnel tests on complete 
models without propellers of 27 types. Airplanes both 
small and large are included, as well as float seaplanes 
and flying boats. We have a truly miscellaneous col- 
lection, with British, French, German and American ex- 
amples, which should give a good test of the naval 





‘ ; ; OS Eby : z 7 0 i 20 
architect’s method of classification by means of meta- . " ba, ,*, ' " 
centric height. Designers have, in general, been giving ; 

a greater metacentric height for great chord length, Fie. 21 


which appears reasonable. Plotting the metacentric 
height against chord length on Fig. 21 brings this out 

















TABLE 6 
clearly. The points group themselves about a straight ——— SEE 
line. It therefore seems possible from a knowledge of Angle between | Horizontal Tail 
» relati , " an n+ : : ‘ y _ Stabilizer and AGm Su ace in lerms 
the relation of chord to metacentric height for any de Machine Wing Chord, 3. Gm, “ve of Wise inne. 
sign to say with some confidence whether the machine deg. ft. per cent 
will be more or less stable longitudinally than the aver- 54 —3.20 3.44) 2.20 12.60 
“le . . 4 7 Ar 9 & 
age, and whether such stability will be reasonable or S4 —5.00 1.45) 3.09 
abnormal. JN-2 —3.50 6.21) 10.38 
JN-25 —5.00 8.44} 1.45 10.38 
Fen CC Tw Th — >» tin inte Staite iaieats JN-2 —7 , 0.35 
EFFecTt OF CHANGE IN ANGLE OF STABILIZER SETTING i. my a Te 
' , JN-28 —3.50 9.345 1.85 11.52 
AND AREA IN-2 | —5.00 | 11.55 11.52 
m . , =, JN-26 —1.00 } 6.21 12.66 
In Table 6 are assembled calculations of Gm from JN-27 | 9°00 8.00 | 2.40 12. 66 
wind-tunnel tests in which the setting of the stabilizer IN-3 ‘Bie =< — 
has been altered. To bring out the effect of such changes, - a | “. . oe) = ~ 
Fig. 22 on page 514 has been made where Gm is plotted Le Pere +1.10 | 3.13} 2.35 12.90 
. > *1: . ° e Pere +9 9.15 | 9.¢ 
against the angle of stabilizer setting, = the angle be- 7 — | 43 00 | 0 00 13 90 
tween the stabilizer and the wing chord. It will be noted inci eo mag 
° " ° ‘ erviille +0.5 2.63 2.2 
that the points fall near straight lines whose slopes are 
a : ; rcp ( 3.09} 2.2 
the change in Gm per degree change in angle of stabil- a _. 3 oa = ~ = 
izer setting. This slope is denoted by AGm/A8 and is VCPI —1.0 5.27) 13.28 
plotted against the ratio of horizontal tail area to wing USAP2 40.50 3.21 No 
. ~ 99 r . . f JSAP2 —0.5 2.98! 85 late 
area in Fig. 23 (see page 514). It is found that AGm/A8 Ma hd ae 00 4 cot wed _— 
depends on the area of the horizontal tail surfaces in a USAP2 —1.50 4.30) | 
straight-line function. The slope of each line of Fig. 22 NC-18 —3.00 14.35) 3.30 13.10 
Nt, OF . NC- —1.00 7.61| 3.1 
when plotted on Fig. 23 falls near either one or the other NCAP —3'00 7 45) 2.50 if. ; 
of two straight lines which have substantially the same +9 wt Hen 93.60 =o 
slope. It is to be noted from these lines that the tractor NC-1 —1.00 183} 10.72 
type tail surface is less efficient than the NC, a pusher- Bristol Fighter 40.25 1.43) 10.80 
, ai snrts ; < 7% x » Bristol Fighter —1.75 4.75} 1,35 10.80 
type tail surface, a conclusion consistent with previous Bristol Fichter 3 8 6.131 10 80 
experimental work. sedi ee EE: ae a 
_The values of Gm for changes in stabilizer area are Small tail, medium body. 
given for various machines in Table 7 on page 514. These pon * a - > =e 
. — sarge tall, medium y 
values when plotted against percentage of the original 8Curtiss tests with large tail. 
area (see Fig. 24 on page 514) lie near straight lines. SOurting teste with snedtann, tail. 


10Curtiss tests with small tail. 
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The variation in the slope of these lines is small and 
seems to be independent of the original size of the sta- 
bilizer. 


Forr-AND-AFT MOVEMENT OF CENTER OF PRESSURE 


To study the movement of the center of pressure, the 
4-deg. vector location, or line of action of total air force 
for an angle of incidence of 4 deg., has been determined 
for a number of machines and for various stabilizer 
settings. These locations, which may be found in Table 
8, are plotted on Fig. 25, For each machine the points 
are found to lie near a straight line, the line for the 
larger machines having, however, a greater slope than 
those for the smaller machines. In Fig. 26 the slopes 
from the lines of Fig. 25 are plotted against the wing 
chord of the machines which they represent. The fact 
that all of the points so plotted lie very nearly on a 
straight line indicates that the movement of the 4-deg. 
vector with any change in the angle of stabilizer setting 
is almost entirely dependent upon the wing chord. The 
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Fig. 23 





average value of the movement of the 4-deg. vector per 
degree change in stabilizer setting is found to be 0.033 
chord. This movement is forward if the normally nega- 
tive angle between stabilizer and wing chord is increased, 
and vice-versa. 

In the foregoing discussion I have tried to bring out 
the fact that an airplane actually has a metacentric 
height which is entirely under the control of the de- 
signer. It would clarify our knowledge of airplanes very 
much if we knew the initial metacentric height the de- 
signer gave it. Knowing this, we could judge with some 
degree of confidence whether the machine is reasonably 
stable for its type. Further, if we knew the metacentric 
height as designed, the effect of stabilizer adjustment 
could be considered more intelligently than it is at 
present. The adjustable stabilizer is a very useful and 
convenient device for altering the balance of a machine, 
but it also alters the metacentric height. It is quite 
possible by excessive use of this means to balance up an 
otherwise tail-heavy machine, entirely destroying the 
metacentric height and hence the stability. The tables 
and charts I have given here will prove useful, I trust, in 
the consideration of such a possibility for a particular 
design. 


DETERMINATION OF CONTROL SURFACE AREAS 


Ships’ rudders are made large or small depending on 
the maneuverability required. The exact size of rudder 
to use for any design of vessel is determined from an 




















TABLE 7 
: | 

Horizontal 

Tai! Area 

in Terms of 

Original 
Area, 
Machine per cent 3/S Gm Remarks 
JN-2 90 10.38 6.24 N.A.C.A. Report 17. 
JN-2 100 11.52 9.55 Stabilizer at—3.5 deg. to wing chord. 
JN-2 110 12. 66 12.00 AGm/A(8/S) =0.29. 
iat , - U.S.N.—W.T.R. 56. 
aap = es - _ 2 Stabilizer at—4 deg. to wing chord. 
siaell ™ “is AGm/A(8/S) =0.39. 
NC-1 100 13.10 14.35 Curtiss tests. 
NC-1 85 eS 7.45 Stabilizer at—3 deg. to wing chord 
NC-1 81 10.72 5.31 AGm/A(s8/S) =0. 46. 
NC-1 100 13.10 7.61 Curtiss iests 
NC-1 85 11.13 2.30 Stabilizer at—1 deg. to wing chord. 
NC-1 81 10.72 1.43 AGm/ A (8/S)=0.31. 
Nl 100 15.42 7.17 U.S.N.—W.T.R. 49. 
Nl 107 16.60 9.00 Stabilizer at— 4 deg. to wing chord. 
AGm/A (8/8) =0.31. 








analysis of the rudder areas used on other vessels of 
similar type. Although a considerable literature has 
been built up dealing with the theory of turning, the 
naval architect for a new design still depends on experi- 
ence. But this experience has been carefully analyzed 
in the light of existing theory and made available for 
immediate application in the form of empirical rules and 
coefficients. In a similar manner the maneuverability of 
airships and airplanes has been investigated experi- 
mentally by full-scale and model tests, and by analysis 
based on theoretical mechanics. The results give a theory 
of a qualitative nature which may be useful as a guide, 
but the designer must in the end risk his reputation on 
his judgment and experience. He cannot predict with 
confidence the proper sizes to give the rudders, elevators 
and ailerons of a new design from purely theoretical 
considerations. 

To make the application of experience in new work 
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na! Area. Per Cent 


Fic, 24 


more direct, I have attempted here to apply the naval 
architect’s method to data assembled for a large number 
of successful aircraft and to establish empirical rules 
and coefficients for the design of the control surfaces. 
To make this possible, the various machines under re- 
view are grouped by types into classes and, naturally, the 
coefficients found apply only to machines of these general 











TABLE 8 
Stabilizer Vector Wing 
Machine Vector, | Setting, 3, | Location, | Movement, ®Chord, AL/A8 
deg. deg. ° ft. L, ft. ft. 
— | — oo | . Z 
Le Pere 4 —1.00 6.15 —0.24 | 
Le Pere 4 0.00 6.39 0.00 5.5 | 0.170 
Le Pere 4 +1.10 6.53 +0.14 
Le Pere 4 +2.00 6. 67 +0.28 
Bristol Fighter 4 +0. 25 6.32 0.00 
Bristol Fighter 4 —1.75 5.92 —0.40 5.5 0.245 
Bristo] Fighter 4 —3.30 5.44 —0.88 
USD-9A 4 —1.00 7.40 0.00 
USD-9A 4 —2.80 7.06 —0.34 6.0 0.165 
USD-9A 4 —4.50 6.50 —0.56 
VCPI 4 +0.50 _ = 
VCPI 4 0.00 2.94 0.00 5.5 
VCPI 4 —0.50 2.87 —0.07 0.230 
VCPI 4 —1.00 2.68 —0.26 
Handley Page 4 +2.20 1.92 +0.93 
Handley Page 4 +1.00 1.38 +0.39 
Handley Page 4 0.00 0.99 0.00 10.0 0.370 
Handley Page 4 —1.00 0.62 —0.37 
Handley Page 4 —2.00 0.24 —0.75 
Handley Page 4 —3.00 —0.04 —1.03 
JIN-2 4 —3.50 0.67 0.00 
JIN-2 4 —5.00 0.7! —0.08 5.0 0.090 
JN-2 4 —7.00 1.00 —0.32 
JN-2 4 —2.00 0.42 0.00 
JN-2 4 —3.50 0.67 —0.25 5.0 0.130 
JN-2 4 —5.00 0.75 —0.33 
JIN-2 4 —1.00 0.33 0.00 
JIN-2 4 —2.00 0.42 —0.09 5.0 0.135 
JN-2 4 —3.50 0.67 —0.34 
NC-1 4 —1.00 0.75 0.00 12.0 0.450 
NC-1 4 —3.00 1.65 —0.90 
USAP2 4 +0.50 0.13 0.00 
USAP2 4 —0.50 0.23 —0.10 4.5 0.170 
USAP2 4 —1.00 0.37 —0.24 
USAP2 4 —1.50 0.43 —0.30 
TB 6 —5.50 0.00 —3.05 
TB 6 —2.50 1.95 —1.10 22.0 0.650 
TB 6 —1.50 2.60 —0.45 
TB 6 —0.50 3.05 — 





Fore and Aft Movement of 4-deg. Vector for 


types with control surfaces of. the same general shapes 
and location. The various types of airplanes and sea- 
planes are arranged in seven classes, and I will consider 
these first. My own experience indicates that, for a 
normal type of machine, the judicious application of 
these coefficients will insure a normal degree of man- 
euverability. Machines with radical innovations must be 
considered apart. For example, ailerons trailing from 
the rear margin of a wing should be about 11 per cent 
of the wing area for flying boats of usual type, but the 
Curtiss F boat with interplane ailerons required ailerons 
of area equal to nearly 18 per cent of the wing area to 
give reasonable lateral control. The airplane control 
surfaces under consideration are the horizontal stabilizer 
combined with the elevator, the vertical fin combined 


















































DISTANCE BETWEEN 4DEG.VECTOR AND CENTER OF GRAVITY, FT 
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Fig. 26 


with the rudder, and the ailerons. No attempt has been 
made to separate the elevator from the stabilizer or the 


fin from the rudder; the gross areas only of the com- 
binations are listed. 


TAIL SURFACES AND AILERONS 


The necessary horizontal tail surface should depend on 
the pitching radius of gyration and the degree of 
maneuverability which are roughly fixed by the procedure 
of classification by types. Also, the center of pressure 
motion between high and low-speed attitudes or the depth 
of chord and the length of the tail must be important 
variables. These are also fixed in classification by types, 
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TABLE 9 

























































































SUMMARY 
2S 4 R oo Masog hi tion 
3 8 °.4 er} = Bo Boo 
=~3° | £F ~ See, To S25 
‘SES 262 Sw Eada ag "3 
Number “$4 =°8 ee &8 9 Ss = 
in Class Class 441 Se. aE a 232 
BS 35a soe |2-pEs 27% 
N om no So, © an 
= 2’ ~~ a he —— oO = i. a =P 
i rm BS Zo a, —— 2 F <=5.2 
(h) (v) (a) (t) (th) (tv) 

8 Monoplanes 14.8 6.1 12.5 2.5 37.0 15.2 5.0 
20 Single-Seater 11.8 4.4 12.9 3.0 36.4 13.2 5.9 
17 Two-Seater Non-Training | 11.7 4.3 12.6 3.2 37.4 13.8 7.2 

4 Two-Seater Seaplanes 11.4 4.0 11.3 3.3 37.6 13.2 8.7 

7 Triplanes 9.2 | 3.7 11.2 4.0 36.8 14.8 9.6 
12 Twin-Engined Bombing | 

Biplanes a3 | 43° | M3 3.5 | 38.8 14.7 9.2 
11 Flying Boats | 13.8 6.3 | 11.2 3.0 41.4 18.9 10.4 
Monoplanes 

| | 
(Wing Area | Aspect 
Designation sq.ft. | (h) (v) (a) (t) Latio 
Loening (M-8-0) 251 15.0 6.7 | 11.6 2.9 4.4 
Loening (M-8) 224 | 15.2 | 8.0 | 16.8 3.0 4.8 
Gourdou 2-Cl | iF ee eee Bee ee | Fy 2.3 4.8 
Morane Parasol A R 194 | 10.0 4.6 LL.7 ee | 5.9 
Gourdou C-1 177 | a 4: Se -U. 2aae > aa 1.8 
Junker All Metal 158 | 19.1 5.1 12.9 2.5 4.9 
Morane Parasol 27 145 | 14.3 5.4 11.6 22 5.3 
Bristol Monoplane 140 24.1 6.6 12.4 2.4 5.2 

Two-Seater Non-Training « 

Breguet 16 BR 2 783 8.4 4.0 13.0 2.9 7.0 
Salmson 4 AB-2 675 10.4 1.8 12.8 3.0 7.6 
Pomilio V L-12 580 10.3 3.5 8.0 ..6 8.1 
Breguet 14-A 2 527 10.2 1.6 12.1 2.9 4.2 
De H-4 514 14.2 4.4 16.0 3.8 4.6 
USD-9A 514 11.5 4.3 14.8 3.5 7.9 
Vickers F-B-14 427 12.4 4.9 13.0 2.9 6.3 
Bristol Fighter F-2 B 406 12.0 4.1 12.8 3.1 ae 
Bristol Fighter US 103 10.8 4.1 | 14.0 3.1 7 4 
SEA 4C-2 395 10.0 4.5 3 3.2 . een 
Le. Pere C-11 391 12.8 4.2 14.3 2.9 ee 
Hannoveraner 360 ”.2 I 3.6 | 9.1 3.2 Pes 
tumpler C-4 360 10.8 3.0 9.6 t.1 8.4 
AEG Armored Biplane 358 9.8 3.8 11.8 2.8 8.0 
Avro 530 346 15.0 3.8 16.7 3.0 6.6 
Spad 11-A2 314 | 138.4 6.8 8.3 1.0 7.9 
Hanriot Dupont 3-C2 274 =| 12.9 4.3 16.4 3.2 6.0 

| | 

| { 

Two-Seater Seaplanes 

Curtis R-6 a ee ee 8.8 2.9 | 9.1 
Curtis N-9 496 10.1 4.0 11.0 3.7 10.7 
Aeromarine 39-B 494 11.3 3.8 i a 2.6 7.5 
Avro 504-L 330 13.2 4.5 “3 a ae | 7.5 
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Wing Area, 


Single-Seaters 
































Aspec 

Designation sq. ft. (h) (v) (a) (t) Ratio 
Parnall Panther 336 11.2 3.3 13.4 2.7 4.7 
Spad 20-Cl 312 1.2 3.2 11.9 3.1 5.9 
Nieuport 29-Cl 288 12.3 4.3 A | ce 6.5 
Sopwith Salamander 272 9.5 4.3 18.7 2.5 6.2 
Sopwith Snipe 271 9.6 4.4 16.6 2.5 6.2 
Sopwith Dolphin 263 11.6 4.4 14.4 3.3 7.2 
Salmson 3-Cl 257 12.5 6.6 13.0 3.2 7.3 
Vickers Cl 257 9.0 4.6 13.0 3.0 5.9 
Sopwith Pup 254 13.7 3.2 8.6 2.6 5.2 
Spad 21-Cl 253 12.0 4.4 11.6 ec 5.6 
Pfalz D-3 240 10.4 3.7 8.9 2.9 §.7 
S E-5 240 12.5 5.4 13.3 2.5 5.4 
Sopwith Camel 240 10.2 3.3 15.0 3.0 6.2 
SV A 5-C 232 10.4 5.6 1.7 3.5 5.0 
Fokker D-7 219 16.5 4.0 §.2 3.3 5.6 
Spad 13-Cl 215 14.2 5.2 10.0 2.9 5.2 
De H-5 212 12.0 4.0 21.8 3.1 5.7 
B A T Bantam 185 12.1 3.7 9.7 2.9 6.4 
Nieuport 28-Cl 181 12.1 5.0 10.9 3.3 6.3 
Morane Saulnier C-1 164 12.2 4.8 12.0 wet 6.0 

Triplanes 
Caproni CA-4 2,223 8.6 3.6 10.2 4.3 | 13.8 
Bristol-Braemer 1,905 9.5 2.8 10.0 3.6 9.6 
Nieuport TT 1,100 9.5 3.7 10.9 3.7 9.1 
Le Pere Triplane 870 9.1 4.3 12.7 4.2 9.6 
Avro 547 498 8.8 3.3 13.8 3.9 7.8 
Kirkham Triplane 309 8.8 4.5 6.3 4.5 9.1 
Sopwith Triplane 231 10.2 3.0 14.7 3.9 | 8.0 
Twin-Engined Bombing Biplanes 
ese eee eee eeeeeeeeeeeneneeeeeeneeneeneeeeeereneeee nee Eee... 
Handley Page V-1500 2,898 12.4 4.4 12.0 3.3 10.1 
Caproni C-5 1,420 9.4 4.4 10.4 » 8.4 
Vickers Vimy F B-27 1,320 13.0 3.6 18.1 3.8 6.4 
Handley Page 0.400 1317 10.4 3.7 10.0 4.4 10.0 
Farman C-23 1,076 11.2 3.7 9.6 4.0 9.4 
Martin Bomber 1,070 10.0 5.0 12.1 3.9 10.8 
Farman 50-BR 2 1,026 9.1 4.1 8.7 3.3 9.7 
Avro Bomber 529-A 922 9.2 3.7 13.9 3.4 8.7 
De H-10 833 15.3 4.1 13.0 3.4 8.9 
Boulton and Paul P-8 770 12.5 4.5 14.0 3.1 H 8.1 
Friedrichshafen G-2 753 11.6 4.2 8.0 3.6 10.4 
A E G Bomber G-4 730 9.4 4.8 5.4 3.0 9.0 
| 
Flying Boats 

NC-1 2,380 21.4 6.2 11.1 3.4 10.5 
F-5-L 1,397 12.6 6.3 8.5 3.2 13.0 
P-5 1,296 15.5 4.5 6.6 3.2 9.5 
Curtiss H-16 1,164 12.4 5.1 11.2 3.5 13.4 
Curtiss H-12 1,108 12.3 5 10.4 3.4 13.0 
Curtiss HS-2 803 12.6 5.7 13.0 3.1 11.8 
Macchi M-12 656 7.8 6.7 9.7 2.6 7.2 
Aeromarine 40 504 12.9 6.7 11.5 2.1 7.2 
Macchi 9 Bis 480 9.1 5.3 18.4 3.1 8.7 
Curtiss M-F 401 15.7 8.7 11.2 3.0 10.9 
Curtiss F 387 13.9 6.5 17.82 2.7 8.7 


‘Omitted in average owing to large sweepback. 
“Omitted in average owing to interplane ailerons. 


or 


~] 














at least relatively. Finally, the area of horizontal tail 
surface should depend on the weight of the machine or 
on the wing area. The ratio of length of tail to chord 
length varies from 2.5 for monoplanes to 4.0 for tri- 
planes, and the corresponding average tail surface areas 
in percentage of wing area vary from 15 to 9. Both 
theory and the practice of successful designers indicate 
that the horizontal tail surface depends on chord length 
and wing area. The triplane with narrow chord has the 
advantage of requiring a small tail surface. 

Table 9 on pages 516 and 517 gives the length of tail, 
or the distance from the center of gravity of the airplane 
to the tail hinge in terms of the mean wing chord as t 
and the horizontal tail surface as h as a percentage of the 
wing area. The product th is there shown to be nearly 
constant, indicating the reasonable conclusion that long 
tails can safely be made smaller than short tails. The 
flying boat class, it will be seen, has an average th - 
41.4, which is appreciably larger than for any other 
class. This is no doubt due to the projection of the hull 
forward of the center of gravity. The twin-engined 
bombers also have a considerable portion of the fuselage 
forward of the center of gravity and are seen to require 
a larger value of th than the other machines. 

The vertical tail surface v multiplied by the length of 
tail t in the same notation gives a similar coefficient tv 
which is larger for the flying boats, as would be ex- 
pected. The large value of tv for the monoplanes is not 
easily explained, but due to the relatively small number 
of machines listed and the lack of experience with this 
type, I am inclined to attribute this to the designer’s 
desire to keep on the safe side with a novel type. 

The aileron area is practically a constant percentage 
of the wing area except that small machines which re- 
quire a great degree of maneuverability have slightly 
larger ailerons. Apparently the span has very little 
effect on the required aileron area. The reason for this 
may be that the machines of high aspect ratio, the 
bombers and flying boats, are not required to maneuver 
rapidly. The average aspect ratios are given on Table 9 
as a matter of interest. Experiments, both wind-tunnel 
and full-scale, indicate that although a long narrow 
aileron is not quite as effective in producing roll for the 
same angle of throw, nevertheless the moment about the 
hinge, which is a measure of the pilot’s effort, is con- 
siderably less, and for this reason with the same percent- 
age of wing area long narrow ailerons are more efficient 
than short deep ones. By using especially long narrow 
ailerons the percentage aileron area given in the tables 
might be somewhat reduced. Table 10 gives aileron data 
for several German machines, which are included in pre- 
paring the average of Table 9 on pages 516 and 517. It 
will be noted that the average aileron area for these ma- 
chines is much less that the averages given in Table 9. 
It seems to be fairly well agreed, however, that German 
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Aileron Surface 


Name in Terms of Wing Area, per cent. 
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Friedrichshafen 

Gotha 1 
AEG 

A FE G Armored 1 
Pfalz Single-Seater 

Pfalz DX IT. 

Albatross D-5 

Fokker D-7 

Fokker E-5 

Rumpler C-4 

Hannoveraner 

LVG—CV 

Rumpler G 117 

Roland D-2 
DFw—C-5 +, 
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L= Distance from Tail Hinge to Center of Gravity o f Airplan e 
C= Mean Wing Chord 








planes are for the most part very sluggish on lateral con- 
trol. Fig. 27 shows the relation between the length of 
tail in terms of the mean wing chord and the number of 
planes for the several classes of machines. 
DETERMINATION OF CONTROL SURFACE SHAPE 
To increase maneuverability without imposing an un- 


due strain on the pilot, balanced control surfaces are 


being used on various machines, especially the large 
bombers and flying boats. The use of balanced controls 
was forced by necessity on large airplanes when data for 
their design were lacking. Naturally experience is still 
incomplete, but I venture to say one could now easily 
compile a fat handbook on how not to do it. I know of 
no detail of airplane design where so many good de- 
signers have gone astray. Of course, a very slight 
amount of balance is a timid solution which causes no 
trouble, but attempts at nearly complete balance require 
courage. Naval architects have been balancing rudders 
on vessels for a long time and presumably must have 
learned a good deal about it, but it is curious to note how 
little the aeronautical engineer has profited. The aero- 
nautical people apparently have insisted on making the 
same old mistakes and learning at first hand. 

Naval architects hinge a rudder to the rear of the 
deadwood with the balancing portion underhung below 
in the clean water flow. Forward of this underhung 
balancing portion the deadwood is cut away liberally. 
Where spade rudders are used there is no adjacent dead- 
wood. This practice has resulted from experience which 
indicates poor turning qualities if the rudder is so placed 
as to create back-pressures on the deadwood of a nature 
to resist turning. Now consider the rudders on the 
Zeppelins, on the flying boat F-5, and similar arrange- 
ments on many other aircraft. The naval architect would 
never consider designing a ship with such a rig. It is 
interesting to note that the post-war Zeppelin, the 
“Bodensee,” definitely abandons the old form of balanced 
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rudder for a more reasonable but still, to my mind, im- 
perfect type. They have given the straight trailing 
rudder an overhang, but neglected to cut away the fin 
immediately forward of the overhanging portion. It will 
be interesting to observe what will be the next change. 

The various types of balancing which are employed are 


shown in Fig. 28 and may be roughly divided into the , 


following classes: 


(1) Free simple balance as used on the rudders of the 
NC flying boat and Caproni biplanes and triplanes 
Dove-tailed balance as used on the rudders of 
Zeppelins and ailerons of many German airplanes 
Faired contour balance as used on the Hanriot C3 
and Morane Saulnier C2 machines 

Auxiliary balance as used on many German sea- 
planes 

Overhung balance as used on the elevators and 
ailerons of the NC flying boats, the AEG bomber 
and Vickers Vimy 


(2) 


Regardless of the merits of the various types of bal- 
ancing, the objects of balancing are first, the load on the 
control cable should be a minimum for all conditions of 
flight without overbalancing or fluttering; second, the 
air resistance of the added balancing portion should be 
a minimum; third, the added weight should be a mini- 
mum; and, fourth, from the structural point of view, the 
stresses introduced should be a minimum. 

The free simple balanced area, if made of a double- 
cambered airfoil having a small center of pressure move- 
ment, can be more nearly balanced for all flight condi- 
tions than any of the other types. Owing to the cir- 
cumstance that it is not preceded by a fixed surface, the 
area required to give proper control is, however, greater 
than for a trailing control surface, and the structural 
difficulty of providing efficient bracing is evident. The 
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free simple balance can, however, be used very advan- 
tageously for rudders on machines with a biplane tail, 
as in the NC boats. There the center rudder is free and 
is used to balance the two outside rudders. This re- 
quires “overbalancing” the center rudder and connecting 
all three rudders to work in parallel so as to eliminate any 
tendency of the center rudder to flutter. The dove- 
tailed balance cannot be recommended as a good type. 
If the hinge leakage were eliminated and the movement 
of the controls at high speeds were very small in amount, 
this type of balancing would no doubt be ideal from the 
standpoint of low air-resistance. A movement of only a 
few degrees, however, will introduce a marked increase 
in drag, and at the same time the action of the air-flow 
on the balancing portion is indeterminate, due to the 
turbulence introduced. At large angles of the control 
surface, the balancing portion is blanketed by the. pre- 
ceding fixed surface and the effectiveness of the com- 
bination is materially reduced, due to the increased 
pressure on the back of the fixed surface. This form of 
balancing is rejected by naval architects, and it is inter- 
esting to note that in aeronautics it is becoming more 
rare. The faired contour balance is often used for 
ailerons in order to preserve a fair form of wing-tip 
which is supposed to confer some aerodynamic advantage. 
Such ailerons are quite indeterminate so far as calcula- 
tion of balance is concerned, due to the uncertainty of 
the angle of attack of the air striking the balancing 
portion. At large angle of incidence of the main wings, 
the air spilling under the wing-tips produces abnormally 
high pressures on the balancing portion. of the aileron 
and may cause overbalance and fluttering. The auxiliary 
balance has to date been used on only a few machines 
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520 
TABLE 11 
Balancing 
Moment 
Machine Control Righting 
Moment 
AEG, Bomber Aileron 0.50 
AEG Bomber Elevator 0.43 
AEG, Bomber Rudder 0.40 
Wind-tunnel tests show 
TB Elevator 1.00 indication of insta- 
Wind-tunnel tests show 
BE-2C Elevator 0.64 roper degree of 
alance 
Aileron 0.58 
t 16 BN-2 (Old) Aileron 0.83 Wind-tunnel tests by 
Fokker D-VII. Aileron 0.45 Eiffel (Résumé 1919) 
Breguet 16 BN-2 (New) | Aileron 0.37 show degree of balanc- 
Breguet 17-C-2 Aileron 0.22 ing in order shown 
HS-3 Rudder 0.47 
Friedrichshafen Bomber | Elevator 0.40 
Pfalz Scout Aileron 0.65 
Pfalz Scout Elevator 0.25 
N Elevator 0.63 
Fiat B-R-A Rudder 0.55 
Fiat B-R-A Elevator 0.36 
Le Pere Elevator 0.26 
Vickers Vimy Aileron 0.20 


outside of Germany and its advantages are not well 
known. The area required should be small, and torsion 
in the control surface spar due to a balancing portion is 
eliminated. 

The overhung balance, which is perhaps more widely 
used than any other type, seems to be the most desirable 
of the types in which a balancing area forms part of 
the control surface. The extension or balancing portion 
is working in comparatively free air and should there- 
fore at all times be unblanketed and free from mutual 
reactions with the fixed surfaces. It is possible to use a 
double-cambered surface for the extension which will 
operate equally well for positive or negative angles of 
the control surface. 


CALCULATION OF BALANCE 


The calculation of the required amount of balancing 
area for control surfaces must be an approximation. If 
it were possible to obtain separately the lift, drag and 
the center of pressure coefficients for the balancing por- 
tion and the trailing portion for all conditions of flight, 
the required amount of balance might be calculated. But, 
owing to the variation in the profile used on the bal- 
ancing area and on the trailing portion and to the un- 
known air-flow around a wing-tip, an elaborate calculation 
is not justified. The most desirable method for design 
is to employ a simple straightforward calculation which 
uses only the most important variables and then to com- 
pare the result with actual practice. Such compromise 
with a solution is common in naval architecture and 
yields good results if coefficients are obtained only from 
successful machines. For the calculation of the coeffi- 
cients of Table 11, only surfaces of the overhung type 
are used. First the moment of the trailing portion of 
the surface about its hinge is calculated as the sum of 
the moments of fore-and-aft increments of area, on each 
of which the center of pressure is assumed to be a 0.3 
chord length” from the hinge. The moment of area so 
obtained is a “righting moment” which it is desired to 
balance by the “balancing moment” of the overhanging 
portion of the control surface computed by graphical 
integration in a similar manner, except that the center 


"Stabilizer and Elevator Pressure Distribution. Bulletin of the 
Experimental Department, Airnilane Engineering Division, U. S. A 
vol. II, No. 3, December, 1918. 


Airplane Gohtrdl Surfaces,” J. C. Hunsaker and T. H. Huff, 
Aviation, vol. ‘IT! Ne: 5, Oct. 1, 1916. 
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of pressure is taken at 0.2 chord length” from leading 
edge. The unit pressures on the two portions of the 
contro] surface are assumed equal. The ratio of the mo- 
ment about the hinges of the balancing portion, “balanc- 
ing moment,” to the moment of the trailing portion 
tending to return the rudder to neutral, “righting 
moment,” is a coefficient of the order of 0.4 to 0.6 for 
control surfaces with overhung balance. The results of 
calculation on several machines are given on Table 11, 
the shapes of the various surfaces being shown in Fig. 29 
on page 519. 

These data would indicate that the maximum balancing 
moment should never be more than 65 per cent of the 
righting moment. On rudders and elevators where 
blanketing by the fuselage will tend to reduce the effec- 
tive lift of the inboard portion of the control surface, 
this value should be somewhat less or about 50 per cent. 
These figures are for large machines requiring a maxi- 
mum amount of balancing. For small machines corre- 
spondingly smaller values can be used. No account is 
here taken of the case of control surfaces which lie 
partially in the propeller slipstream or in an abnormal 
position with respect to “downwash” from the wings. 

The calculation of the simple free balance type of 
rudder is more simple. The center of pressure is taken 
at 0.2 chord length from leading edges and care taken 
that the axis of rotation does not lie aft of this point. 

The auxiliary balance type is a little more indefinite, 
and I am not prepared to suggest a calculation without 
more data or at least some knowledge of the velocity of 
the air flowing over the top of a wing in the region of 
the auxiliary surface. For large angles of incidence of 
the wings this velocity appears to be entirely 
indeterminate. 


GASOLINE EVAPORATION LOSS 


I‘ is estimated that in the Mid-Continent field alone, during 
1919, over 122,000,000 gal. of gasoline evaporated while 
the crude was stored for the average period of five days. 
This is borne out by the gravity tests, which show that in 
some instances the gravity of the crude decreases 5 deg. 
Baume between the well and the refinery. The total evapora- 
tion loss averages 6.2 per cent by volume. From two-thirds 
to four-fifths of this can be saved at low cost. One company 
has tight-top tanks with a pressure of 1 lb. per sq. in. on its 
crude-oil flow tanks, and a vacuum of 2 in. of mercury on 
its stock tanks. The vapors from these tanks are treated 
at a compression plant whose gasoline output runs as high 
as 2000 gal. per day more on a warm than on an extremely 
cold day. On adjoining properties where there are no tight- 
top tanks the bulk of this gasoline is wasted in the air. 
An installation to conserve and recover the gasoline from 
the vapors from the crude oil will pay for itself within a 
short period—A. W. Ambrose, Bureau of Mines. 


FARM CROP PRICES 


N the past 10 years our population has increased 15 per 

cent, while there was a decrease of 3.6 per cent in the total 
production of bread grains for the period 1916-1920 as com- 
pared with the period 1911-1915. Furthermore, our increase 
in population has been confined entirely to the cities, for there 
are less people on the farms to-day than 10 years ago. In the 
face of these facts the present low level of prices for farm 
crops cannot continue indefinitely —Finley P. Mount in Farm 
Implement News. 
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Researches on Alcohol as an 
Engine Fuel 


By Haroxwp B. Drxon? 


HE object of these researches was to obtain data for 

comparing alcohol with gasoline and other hydrocarbons 
as a fuel for motor-vehicle and other small engines, and to 
determine how far the properties of alcohol are modified by 
admixture with other volatile liquids. The work was under- 
taken at the request of the Departmental Committee ap- 
pointed in 1918, by Walter Long, first Lord of the Admiralty, 
to inquire and report on the utilization of power alcohol. 
As a member of the Committee, I undertook to make experi- 
ments on the burning of alcohol and other vapors on the same 
lines that had been followed with permanent gases, especially 
on the ignition of the mixtures and on the movements of the 
flame in explosions. The work is by no means finished and 


I propose to continue and present a more complete report 
later on. 


Vapor PRESSURES OF ALCOHOL AND OF ALCOHOL 
MIXTURES 


On comparing alcohol with other liquid fuels, we find cer- 
tain properties which affect its use, such as its small vapor 
pressure at low temperatures, its high latent heat of vapori- 
zation and its attraction for and its miscibility with water. 
For instance, air bubbling through liquid alcohol does not 
form an explosive mixture, for the amount of vapor carried 
by the air is too small; but air bubbled through pentane, 
hexane, benzine or ether in each case forms a combustible 
mixture with too much vapor in it to explode. The alcohol 
must be heated to give off enough vapor to form an explosive 
mixture with air; the other mixtures must be diluted with 
more air to bring them within the explosion limits. Hence 
the difficulty with an ordinary gasoline engine of starting off 
cold with alcohol. There are several ways of surmounting 
or avoiding the difficulty. If the engine is designed to burn 
alcohol, using a long stroke and a high compression, the 
cylinder may be flooded, either directly or through the 
throttle-valve, with a little liquid alcohol in the form of spray, 
which is warmed by compressing air in the cylinder. Crossley 
Bros. are running one of their 5-hp. single-cylinder engines 
of 4%4-in. bore with a 6-in. stroke arranged to give a compres- 
sion ratio of rather over 8 to 1. With either method of 
flooding there is no difficulty in starting from cold with ordi- 
nary “industrial” alcohol. Running at full load and 500 
r.p.m., the engine was remarkably silent. The spray from 
the exhaust, thrown out while the condenser was cool, was 
found to be slightly acid, though no evil effects of acid could 
be found on the exhaust or throttle-valve, or of the cast-iron 
piston, after a fortnight’s running. 

Those who wish to avoid the starting difficulty will look 
to some mixture of alcohol with other liquid which will readily 
form an explosive gas with air in the cold. As a guide in 
making such mixtures, the vapor-pressures of pure alcohol, 
pure benzine, pure hexane, a 20-per cent mixture of hexane 
with 80 per cent alcohol, pure ether, natalite, a mixture of 
45 per cent ether with 55 per cent alcohol, a 20-per cent 
ether and 80-per cent alcohol mixture, and a 20-per cent 
benzine mixture with 80-per cent alcohol have been deter- 
mined, and the results are given in the accompanying table. 

It is remarkable that, while the vapor-pressures of pentane, 
hexane and ether are lowered by admixture with alcohol, as 





1 Abstract of paper submitted to the Fuels Section of the Imperial 


Motor Transport Conference, at the Royal Automobile Club, Lon- 
don, Oct. 18, 1920. 


? University of Manchester, Manchester, England. 


VAPOR PRESSURES OF LIQUID FUELS IN MILLI- 
METERS OF MERCURY 


Temperature, deg. cent...... 0 10 20 30 40 50 
Temperature, deg. fahr...... 32 50 68 86 104 122 
IEA Se aS err 180 280 433 637 is 


Natalite (45 per cent ether 
and 55 per cent alcohol)... 165 250 380 547 
20 per cent ether and 80 per 


OUR. .-AEOOMOE |. climes andes 73 105 162 247 350 500 
BB eR Ae 14 22 42 79 1385 217 
20 per cent hexane and 80 

per cent alcohol .......... 30 46 80 141 219 328 
rer eee ee 44 76 121 184 276 400 
20 per cent benzine and 80 

POF CONE GIGWEE §. nue ccc ns 37 56 90 142 215 325 
OI BSR So 5 ib ox hy SON Shs 28 45 75 120 180 263 


is usual with miscible liquids, the vapor-pressure of the ben- 
zine mixture is above that of either of its constituents. When 
air is bubbled in the cold through a 20-per cent benzine-80-per 
cent alcohol mixture the resulting stream of vapor and air 
is highly explosive. This mixture has been tested in motor- 
vehicle and aeronautic engines, and no difficulty has been 
found in starting up in the cold. With the single-cylinder 
kerosene engine of Crossley Bros. the volume of liquid fuel 
consumed per brake horsepower was about 3 per cent less 
with the 20-per cent benzine mixture than with industrial 
alcohol alone. 

The difference shown by the benzine-alcohol mixture is no 
doubt due to the small attraction between the two liquids. 
The addition of water to the mixture diminishes the attrac- 
tion, and a dilution is soon reached when the liquid separates 
into two layers, the denser watery liquid below containing less 
benzine, and the lighter liquid above containing more ben- 
zine, than the original mixture. Also as the temperature 
falls the solubility of benzine in alcohol diminishes. 

At the room temperature 15 deg. cent. (59 deg. fahr.) the 
50-per cent mixture separated into two layers when 10 cc. 
of water were added to it, the lighter liquid, rich in benzine, 
having a volume of about 20 cc. In other words, benzine 
added to alcohol containing 20 per cent of water is only 
partially soluble at 15 deg. cent. (59 deg. fahr.). When 
12 cc. of water had been added the volume of the lighter 
liquid separating out was about 60 cc. The higher the per- 
centage of alcohol the more water is required to separate 
the mixture into two liquid layers. 

Similar experiments made with alcohol-hexane mixtures 
showed that the addition of water caused a separation at 
lower temperatures than with the corresponding alcohol- 
benzine mixtures. For instance, with equal volumes of 
aleohol and hexane, it requires the addition of only 7 per 
cent or 3.5 ec. of water to the 50 cc. of alcohol to separate the 
liquids at 17.4 deg. cent. (63 deg. fahr.), whereas the same 
water added to equal volumes of alcohol and benzine required 
the whole to be cooled below the freezing point—1.45 deg. 
cent. (29.4 deg. fahr.) before producing separation. For these 
reasons I have mainly worked with alcohol mixtures contain- 
ing between 20 per cent and 30 per cent by volume of 
benzine. 

Owing to the heat of evaporation of liquid alcohol being 
greater than that of gasoline or benzol, it is important to 
warm the intake when using alcohol mixtures. This can be 
conveniently done by the device used in the Crossley kerosene 
engine of by-passing all or a part of-tHe exhaust gases 
around the intake. y Seen 
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IanitTION TEMPERATURES OF ALCOHOL AND OTHER 
VAPORS 


Two methods were used for the determination of the igni- 
tion temperature of alcohol vapor, and in each case compari- 
son experiments were made with other vapors. Both methods 
had previously been used for determining the ignition tem- 
peratures of permanent gases, and the chief alterations re- 
quired to be made in the apparatus were (a) means of keep- 
ing the stored mixtures, the connecting tubes and the igni- 
tion vessel itself above the condensation point of the vapors, 
and (b) the substitution of glass, silica or metal joints for 
all rubber connections which would have been acted on by 
the vapors. In the first method, the vapor and the air or 
oxygen were heated separately by passing them upward 
through two concentric tubes fitted into a long electric fur- 
nace, the temperature of which could be slowly raised and ac- 
curately measured. The vapor passing up the narrow inner 
tube issued at a jet with a sufficient stream to carry the com- 
bustible gas rapidly away from the solid silica surrounding 
the orifice, but not so quickly as to cause the ensuing mixture 
of combustible vapor and oxygen or air to come into contact 
with the heated wall of the large outer tube before the flame 
appeared. 

The catalytic effect of a heated solid on the ignition of the 
permanent gases had been already noticed. All combustible 
gases and vapors when heated with oxygen undergo a “pre- 
flame combustion,” which at the ignition point becomes rapid 
enough to heat up the gases automatically until the flame 
appears. Solids affect this pre-flame combustion in two 
ways; they increase the rate of combination, thereby gen- 
erally lowering the ignition temperature, but when the flow 
of combustible gas is very slow the solid may start the pre- 
flame combustion, but, by conducting away the heat, may 
prevent the automatic heating up, so that no flame appears, 
though the orifice of the tube is visibly red-hot. It was neces- 
sary to determine by experiment when the rate of flow 
through the jet and when variations in the diameter of the 
outer tube ceased to affect the ignition temperatures. 

In the case of the vapors now experimented with, the pre- 
flame combustion is much more marked than with such gases 
as hydrogen and cyanogen. All the vapors underwent pre- 
flame combustion as they mixed with the oxygen and passed 
along the wall of the outer tube, so that the gases would often 
burst into flame near the upper end of the furnace, and fire 
back some seconds after the vapor had issued from the jet. 
This contact action with the wall was particularly noticeable 
with ether. To overcome this difficulty, two methods were 
tried; (a) by increasing the airstream to render the mixture 
non-inflammable by dilution before it reached the wall, and 
(b) by making the flow of vapor from the jet intermittent 
and timing the inflammation. A combination of these methods 
was finally adopted; a wider outer tube was used, to increase 
the relative quantity of air, and the flow of vapor could be 
started at any moment. When the vapor ignited within a 
half-second of its issue from the orifice, the temperature of 
the tube was taken as the ignition temperature. 


IGNITION TEMPERATURES OF VAPORS HEATED SEPARATELY 


With Oxygen With Air 


Alcohol 


510-515 deg. cent. 595-600 deg. cent. 
(950-960 deg. fahr.) (1102-1112 deg. fahr.) 

Pentane . 550 deg. cent. 560-570 deg. cent. 
(1022 deg. fahr.) (1040-1058 deg. fahr.) 

Ether ..... 235-240 deg. cent. 560-580 deg. cent. 


(455-464 deg. fahr.) (1040-1076 deg. fahr.) 

The ignition temperatures of alcohol vapor coming into 
contact with oxygen or air heated to the same temperature 
were fairly definite; those of pentane vapor moderately so. 
It is noticeable that pentane ignited at nearly the same tem- 
perature, whether the vapor came into contact with pure oxy- 
gen or air, whereas alcohol ignited more readily in oxygen, 
Ether presented ‘a very abnormal property; when all contact 
with solids was'-s'voided, ether fired below 240 deg. cent. 


(464 deg. fahr.) in oxygen, but had to be heated to nearly 
580 deg. cent (1076 deg. fahr.) before it would inflame im- 
mediately in air. When ether vapor and air are allowed to 
flow along a tube and are in contact with the heated walls, 
the mixture gradually heats up, and the ignition-temperature, 
as measured by the temperature of the tube, is quite indefinite. 

The second method of determining the ignition tempera- 
tures of alcohol and other vapors was to compress mixtures 
of the vapor with air or oxygen in a steel cylinder by a falling 
weight driving in an air-tight piston. This method had been 
carried out successfully with many of the permanent gases, 
and could be used for the vapors of volatile liquids, provided 
the reservoir containing the mixtures, the connecting tubes 
and the cylinder itself were maintained at a sufficiently high 
temperature. In most of the experiments the cylinder was 
kept at 50 deg. cent. (122 deg. fahr.) by a water-jacket, in 
which the hot water was well stirred. In some experiments 
a temperature of 60-70 deg. cent. (140-158 deg. fahr.) was 
used, and in a few the cylinder was at 100 deg. cent. (212 deg. 
fahr.). 

The rise of temperature produced in the mass of the gas 
by the sudden compression is nearly independent of the wall- 
surface, which, of course, cools by contact with the layer of 
gas next to it, and, so far as it acts, lowers the pressure. 
There is no evidence that the steel surface promotes combus- 
tion by contact action; indeed, since the temperatures of 
ignition calculated by the adiabatic law were practically con- 
stant, whether the cylinder was at 50 deg. cent. (122 deg. 
fahr.) or over 80 deg. cent. (176 deg. fahr.) at the moment 
of compression, such action, if any, must be negligible. 

A greater difficulty arises in calculating the ignition tem- 
peratures from the observed compressions necessary to fire 
the mixtures, since the recorded measurements of the specific 
heats of these vapors vary considerably. However, the latest 
determinations made by Thibaut give values for the ratios 
of the specific heats which appear probable from two con- 
siderations; (a) the method by which they were obtained, 
and (b) the agreement in the most doubtful case, that of 
ether vapor, between Thibaut’s ratio, 1.052, from 0-300 
deg. cent. (32-572 deg. fahr.) and the ratio found by us from 
a direct determination of the velocity of sound in ether vapor 
at 50 deg. cent. (122 deg. fahr.), viz., 1.058. We have ac- 
cordingly taken the round figure 1.05 for the mean ratio of 
the specific heats for ether between 50 deg. cent. (122 deg. 
fahr.) and 350 deg. cent. (662 deg. fahr.). From the velocity 
of sound in pentane vapor at 50 deg. cent. (122 deg. fahr.) 
we have taken the mean ratio between 50-500 deg. cent. (122- 
922 deg. fahr.) at 1.065. 

The temperatures of ignition calculated from the compres- 
sions must be regarded only as approximations. What is more 
important, especially for the engine designer, is the fact that 
this method gives with a near approach to accuracy the 
actual volume change necessary to fire the particular mixture 
by adiabatic compression, starting from any known tem- 
perature. 

The ignition compressions were measured by~a system of 
trial and approximation. For each mixture the compres- 
sions were gradually increased until the mixture exploded; 
in another series the compressions were gradually reduced 
until the mixture did not explode. Then experiments were 
made in the neighborhood of these two points, and a mean 
compression taken between the nearest exploding and non- 
exploding trial. In some cases the compressions “overlapped,” 
a non-explosive mixture being fired by a slightly less com- 
pression in a second trial. In such cases I have inclined to 
the lower value as the safer figure to give. 

The ignition temperatures by adiabatic compression for 
alcohol with oxygen and with air are what we should expect 
from the results at atmospheric pressure. At the high pres- 
sure the ignition temperatures are lower. With pentane the 
results show a similar agreement, but with ether the results 
are discordant. The ignition temperatures in the heated tube 
at atmospheric pressure were much lower with oxygen, and 
much higher with air than the temperatures found by com- 
pression. 
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RESEARCHES ON ALCOHOL AS AN ENGINE FUEL 








MoveMENTS OF FLAME THROUGH EXPLOsIVE MIXTURES 


The mode in which the flame spreads throughout an ex- 
plosive mixture of gases, and the rapidity of chemical com- 
pustion taking place in the flame, depend not only on the 
nature of the gas mixture, but on the method of firing. When 
an explosive mixture is lit by a flame or a hot wire near the 
open end of a tube the flame travels through the mixture 
slowly at first, then more quickly and jerkily. Fired near 
the closed end of a tube, the same gas will propagate a flame 
with greatly increased velocity. When the gas mixture is 
fired by a spark the travel of the flame depends both on the 
intensity and on the position of the spark. When the spark 
is passed close to a surface the flame starts slowly; when 
the spark is at a short distance from one end the sound wave 
starting backward from the spark, and traveling faster than 
the flame, reaches the near end, and is reflected back passing 
through the flame and hurrying it up. Similarly if the tube 
is short, the sound wave starting forward from the spark 
may reach the far end of the tube before the flame and being 
reflected back passes through the advancing flame, checking 
its advance, but causing more rapid combination where the 
sound wave passes. These reflected waves, due to sound, 
are more intense than the original flame, and they be- 
come more intense by the combustion they promote. 
It may thus happen that the explosion only becomes 
brilliant after the flame has completely traversed the 
mass of combustible gas. In this brilliant flame which 
can be analyzed photographically on a rapidly moving film, 
the sound waves can be seen crossing and recrossing the 
tube from end to end. The flame traversed by these intense 
waves may be and usually is so much more luminous than the 
original flame that the latter may escape detection altogether. 
My photographs have proved that the explosion wave is not 
set up at once, but that the flame starts slowly, and gradually 
increases in velocity and intensity, especially when sound 
waves are reflected through it. At a certain point in its 
course the explosion wave may be started; this point is 
marked by several distinct characteristics. The speed of the 
flame increases, but it is no longer varying, but constant, and 
it continues at a constant velocity so far as the gas mixture 
extends. As it travels faster than sound in the unburnt gas, 
it can send no pressure wave in front of it. At the moment 
when the explosion wave is started forward a well-marked 
wave is sent backward through the burning gases, which I 
have called the retonation wave, and a dark region is left 
between the two bright waves. When the explosion wave 
strikes the end of the tube it sends back a reflection wave, 
which is easily photographed as it passes backward through 
the heated gas, in many cases undergoing secondary com- 
bustion, e.g., the burning of carbon monoxide formed in the 
explosion wave. ‘ 

If now the tube is of such a length that the explosion wave 
has not been set up by the time the flame reaches the end 
of the tube, a reflected wave comes back across the flame, and 
though this promotes combustion, and may become very in- 
tense at the first or second reflection, it does not set up a 
true detonation, and the flame lasts much longer than if the 
explosion wave had been started. But the flame may reach the 
end of the tube at the precise moment when the explosion 
wave started. In this case the wave of retonation comes 
back with the reflection wave superposed on it, with the 
result that it is scarcely distinguishable from the explosion 
wave itself. This is the extreme instance where a reflected 
wave differs wholly in velocity and intensity from the im- 
pinging wave. The chemical reactions appear to be as rap- 
idly completed in this wave as in the true explosion wave. 
It is evident that in the original flame the combustion is slow, 
and Bunsen’s dictum that the spread of the flame “is 
synchronous with complete combustion” is quite erroneous. 
The size and shape of the explosion vessel are important 
elements in determining the nature of the flame, and so is 
the position of the spark. , 

A careful comparison of the photographs yields an unex- 
pected result: the alcohol flame starts faster than the 
hexane, pentane and ether flames, which keep close together, 


while the benzine flame is left far behind. But though the 
alcohol flame is quick off the mark, it cannot increase its 
pace like the others do. Hexane catches it in less than 0.007 
sec. and ether and pentane a moment later. 

There is a general opinion that if the charge is fired in any 
part of the combustion-chamber of an engine by “spontane- 
ous ignition,” i. e., by compression before any flame reaches 
it, this portion of the charge necessarily detonates. Nernst 
has given his authority to this view. Now, it is possible to 
photograph on a rapidly moving film and so analyze the 
flames produced by the rapid compression of gas mixtures. 
It has been found in all cases of firing by adiabatic compres- 
sion that the flame starts comparatively gently, and does not 
set up detonation immediately. Indeed, many gas mixtures, 
fired by compression, do not set up the explosion wave, but 
continue to burn quietly while they push out the piston. Such 
flames, in spite of the rapid compression, are singularly free 
from the “sound waves” that are so strongly marked when the 
gases are fired by a spark. Of course, an explosion wave is 
more readily set up in a hot compressed gas than in a similar 
uncompressed gas, but compression does not necessarily set 
up the explosion wave. In this connection I should like to 
give a word of warning against any conical pocket or recess 
in the combustion chamber; e. g. in the spark-plug; for it is 
much easier to produce firing by compression when the gas 
is driven toward the small end of the cone. 


DETONATION OF ALCOHOL AND OrHER VAPORS 


The detonation of a gas mixture, as of a high explosive, 
is due to the passage of an immensely rapid shock of wave 
through the substance, the intensity of the shock being con- 
tinually renewed by the chemical reactions it produces as 
the shock passes from molecule to molecule. The explosion 
wave, l’onde explosive, discovered by Berthelot, and observed 
almost at the same time independently by Le Chatelier and 
myself, was explained by Berthelot as due to molecular im- 
pacts causing a disc of flame to move forward with the mean 
velocity of the molecules themselves while they still retain 
all the heat due to the chemical change. The explosion wave 
is therefore a definite physico-chemical constant only depend- 
ing on the nature of the burning substance, and calculable 
when the chemical change and the heat evolved are known. 
Although certain factors in Berthelot’s formula have been 
shown to be erroneous, his fundamental idea connecting the 
rate of the flame with the velocity of the reacting molecules 
has been retained. It is now seen that in the explosion the 
mass of reacting gas moves bodily forward, comes to rest and 
swings back again. According to Professor Jouget, the ex- 
plosion wave travels forward with the velocity of sound in the 
forward moving gas, which is itself moving with nearly the 
same velocity, and therefore the actual rate of the explosion 
wave is equal to the sum of these two velocities, or twice that 
of sound in the burning gas. Fortunately this conclusion is 
easy to verify with the camera. A sound wave can be 
despatched through the burning gases behind the explosion 
wave, and its movement can be photographed if it is not too 
close to the intensely bright explosion wave. Such a sound 
wave travels nearly as fast as the explosion wave it is fol- 
lowing, the difference in rate being clearly due to the gas, 
in which it is propagated, having already lost a little of its 
forward velocity. 

The close approximation between the measured velocities 
of the explosion wave and those calculated from Professor 
Jouget’s formula show, I think, that the chemical combina- 
tion must be very rapid in the wave, whereas in the region of 
ordinary explosion the flame traverses the vessel, leaving a 
large percentage of slowly burning gas behind it. In the 
explosion wave the collisions of molecules are so violent that 
most of them cause chemical change where this is possible, 
and the flame is usually short-lived and intense. In ordi- 
nary explosions only a small proportion of the molecular col- 
lisions are chemically fruitful, and the flame continues to burn 
long and quietly. 

Now, the explosion wave or detonation*has the effect of a 
hammer-blow on the walls of the vessel;hance the use of 











high explosives in which the explosion wave is set up by a 
detonator. Detonation must be avoided in the internal-com- 
bustion engine; hence it is necessary to determine the condi- 
tions under which it can be set up in alcohol and other vapors. 

All the vapors tried will detonate when they are mixed 
with oxygen and fired in a long tube. When mixed with air 
under atmospheric pressure alcohol and ether just propagate 
the explosion wave, while pentane and benzine are just beyond 
the limit. But though these vapors will not detonate with 
air under atmospheric pressure, it is evident that an increase 
in pressure such as is used in a motor-vehicle engine would 
bring them within the range of detonation. 

As might have been predicted from previous work on cya- 
nogen, ethylene and acetylene, it was found that alcohol, 
ether, pentane and benzine all gave faster rates of detonation 
when mixed with an amount of oxygen that was insufficient 
for complete combustion. This is explained in part by the 
formation of carbon monoxide, either directly or indirectly, in 
the wave-front, while the formation of carbon dioxide is only 
possible where the flame is cooler, behind the wave-front; and 
possibly by the separation of free hydrogen. In the explo- 
sion of benzine with insufficient oxygen large quantities of 
finely divided carbon were deposited, some of the molecules 
probably breaking up by impact in the wave-front into free 
carbon and hydrogen. The accuracy with which the rate of 
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the explosion wave can be measured has suggested its use in 
determining the temperatures reached in explosions and the 
specific heats of the gases concerned. 


CONCLUSION 

In the course of these researches it has been made clear 
that alcohol possesses most of the properties required in an 
engine fuel. As compared with gasoline, its lower calorific 
value is almost compensated by the greater compression at 
which it can be used and this property, of high ignition tem- 
perature under compression, is hardly altered by admixture 
with 20 per cent of benzine or of gasoline itself. Such a mix- 
ture readily starts in the cold, and has been shown to run 
very smoothly, and without knocking in an engine. 

I have not touched on the question of denaturing, but I 
would urge that the less methyl alcohol employed the better 
for the liquid as a fuel. By cutting down the wood spirit the 
strength of the explosion is increased, and it should not be 
necessary to maintain the present high proportion since the 
nauseous taste of crude wood spirit is largely due, not to the 
methyl alcohol itself, but to a small quantity of a less vola- 
tile constituent. I think there would be some advantage if 
one or two standard alcohol mixtures were authorized, one of 
which could be used in existing engines, with slight adjust- 
ments. 





TIRE PRODUCTION IN THE UNITED STATES 


SSUMING five tires per car as the average annual con- 

sumption in 1913 and four and one-half tires per car 
the present consumption, owing to the wider use and longer 
life of cord tires, the American demand for tires has grown 
from about 6,275,000 in 1913 to over 34,000,000 in 1919, or 
nearly five and one-half times that of 1913. The 1919 pro- 
duction showed an increase over 1917 of 23 per cent in 
casings and 48 per cent in tubes. At an average of $30 
per tire the value of the 1919 product of casings under 6 in. 
was about $1,050,000,000, to which may be added $172,500,000 
for the tube production at an average of $5 per tube, making 
a total of $1,222,500,000 for the pneumatic-tire output of 
1919, exclusive of giant cord tires for heavy trucks. 

In 1919 approximately 60 per cent of the india rubber 
consumed in the United States was used for tires and tire 
sundries, as against 75 per cent in 1917 and 58 per cent of 
the imports for the fiscal year 1913, indicating the greater 
supply of the raw material. The actual quantity of crude 
rubber used in 1919, however, was almost five times that for 
the year 1913, as against about three and one-half times that 
for the year 1917. 

Truck-tire production for original equipment showed a 
continuous growth during the war period. In 1918 it had 
increased to over nine and one-half times the 1913 produc- 
tion for this purpose and in 1919 to nearly 13% times the 1913 
production. Pneumatic-tire production for the original equip- 
ment of passenger cars reached its highest figure for the year 
1917, when it was more than three and three-fourths times 
the 1913 output. This volume of business was not quite 
reached in 1919, but the output for original equipment that 
year was more than three and one-half times the 1913 pro- 


duction for this purpose. It is.seen, therefore, that while 
1,940,000 tires sufficed for new equipment in 1913, no less 
than 7,475,888 were required in 1917, and 7,896,064 in 1919, 
an increase to over four times the 1913 requirements. Al- 
though the greater volume of increase has been in pneu- 
matic tires under 6 in., the greater rate of increase has been 
in solid and large pneumatic tires for trucks. 

Of the 7,565,446 motor vehicles registered in the United 
States during the calendar year 1919, some 750,000 were 
trucks, so that about eight and one-fourth times as many 
pneumatic tires under 6 in. as truck tires were in use last 
year, the number of each sort, exclusive of spares and re- 
placements, being approximately 27,235,392 pneumatics under 
6 in. and 3,000,000 truck tires. One additional tire per car 
would be conservative estimate for spares and replacements, 
making the totals 34,044,240 pneumatics and 3,750,000 truck 
tires. With nearly 38,000,000 motor-vehicle tires in use it is 
not surprising that some 25,000 vulcanizers are kept busy. 

On the basis of 20 lb. of rubber as an average per car for 
regular equipment, and one-fourth of that extra for one 
spare per car, 170,221,200 lb. of rubber was being used last 
year in American tire casings under 6 in. alone, an amount 
almost equal to the total india rubber imports of the United 
States for the fiscal year ended June 30, 1915, and equal 
to nearly 32 per cent of the United States india rubber im- 
ports for the calendar year 1919. 

Despite the fluctuations of 1914 to 1917, inclusive, Amer- 
ican automobile tire exports have shown a great and steady 
growth, the value of the foreign business in 1919 having 
increased to almost seven times what it was in 1913.— 
India Rubber World. 


BOARD OF SURVEYS AND MAPS 


S was announced in the July 1920 issue of THE JOURNAL, 

Conrad H. Young, a member of the Society, residing at 
Washington, is serving as its representative on the advisory 
council of the Board of Surveys and Maps which has been 
organized for the purpose of coordinating and making sug- 
gestions in connection with the map-making effort of various 
departments of the Government. The main purpose is to 
bring about the preparation of a national topographical map 
which will incorporate to the greatest extent possible informa- 
tion of value tq the nation’s industries. So far as the auto- 
motive industry‘is*cgncerned, the work is being followed with 


particular reference to highway and air transportation. It 
has been suggested that the mapping information include the 
indication of what roads in the country are developed and 
what types of road have been constructed in the developed 
portions. It can readily be understood that such informa- 
tion is important in connection with motor truck transporta- 
tion. 

The members are requested to send to the office of the 
Society at New York City any suggestions which they may 
care to make in connection with this very important and 
advanced map work. 
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Piston-Rings 


By L. G. Niison! 


METROPOLITAN SECTION PAPER 


[Ne free, resilient, self-expanding, one-piece pis- 





ton-ring is a product of strictly modern times. It 
belongs to the internal-combustion engine prin- 
cipally, although it is applicable equally to steam en- 
gines, air-compressors and pumps. Its present high state 
of perfection has been made possible only by the first- 
class material now available and the use of machine tools 


of precision. As automotive engineers we are concerned, 


only with the modern piston-ring, but it is interesting to 
trace its gradual evolution from the former piston-pack- 
ing. The word piston-ring does not appear in old books. 
In early machinery, pistons were constructed so that they 
could be packed; hence the wording “piston-packing” or 
“packing-rings” was used. 


Earzty Uses or Pistons 


The idea of conveying water through a cylinder by 
moving pistons is very old. The Archimedean screw, in- 
vented about 260 B. C., can be considered a continuous 
moving piston. That and the early chain pumps which 
were developed later had no provision for packing but, as 
they were used only for low pressures, the power loss 
due to leakage probably amounted to less than the extra 
power that would have been required if they had used 
packing in poorly-finished cylinders. Early writers claim 
that the native metallurgists of Asia and Africa had 
blowing machines which made use of pistons moving in 
cylinders. This was before the time of Ctesibius of 
Alexandria, accredited as the inventor of the air-pump, 
about 150 B. C. These air-pumps were provided with 
packing. The air-pump was reinvented by Otto von 
Guerick of Magdeburg about 1650 A. D. His pumps 
were used for producing vacuum as well as compression, 
so they must have been provided with effective packing. 

The Marquis of Worcester invented a pump, or “water 
commander,” about 1633. Papin invented an atmospheric 
engine about 1695, and Newcomen another, about 1705. 
The Newcomen engine cylinder was open at the top; the 
piston was suspended by a chain from one end of a 
walking-beam above, the pump-rod at the other. The 
opposing pump-rod weight kept the chain tight and 
helped raise the piston when steam was admitted at the 
cylinder bottom. When cold water was sprayed into the 
cylinder, the steam condensed and created a vacuum. 
Atmospheric pressure forced the piston down. This re- 
quired a_ tight-fitting piston. Newcomen therefore 
covered the piston periphery with leather. The piston 
top was covered with water, dripping from a tank above, 
to keep the leather packing tight, and also to prevent 
the piston from becoming too hot. James Watt invented 
his single-acting engine in 1764, and the double-acting 
engine in 1782. Because the condenser was separated 
from the working cylinder, higher temperatures were 
encountered and consequently he had to devise better 
methods of packing. He obtained a patent in 1769 on 
a piston packed with “lubricator,” preferably mutton 
tallow, instead of water, although hemp and tallow had 
been used in the stuffing-box invented by Sir Samuel 
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Moreland. In a pamphlet published by Boulton & Watt 
in 1785, instructions were given in great detail for han- 
dling and packing their engine. They showed how to 
plait a gasket from untarred rope yarn, flatten it out 
with a hammer and beat it down into position in the | 
piston with a mallet. Melted tallow, a layer of oakum, 
another rope and more oakum were then to be packed in 
for a depth of 3 or 4 in. This was to be backed up by 
segments of lead and pieces of wood radiating from the 
center of the piston. The whole assembly was then to 
be bolted together between flanges to give the necessary 
pressure against the cylinder wall. They advised that 
the packing be beaten down solid, but not hard enough 
to create unnecessary friction and prevent easy running, 
and that an abundance of tallow be used at first, the 
quantity needed later being less after the cylinder “grew” 
smooth. It is hard to realize the patience, energy and 
resourcefulness these early engineers must have had and 
the difficulties they had to overcome in building engines 
with the material and tools then available. A 50-hp. 
Watt engine is described as having had a cylinder of 
6-ft. diameter and 8-ft. stroke. 

Early pistons were usually provided with flanges or 
segments bolted near the periphery to provide space for 
the packing. When the flanges were screwed together, 
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the packing was squeezed out toward the cylinder walls. 
In 1813 Murdock & Aiken of Glasgow invented piston 
packing, using brass rings as a substitute for hemp. 
Another piston known as Jessop’s had a closely wound 
helical spring placed between the flanges and backed up 
with hemp and tallow. The British patent records show 
a great variety of piston packings, using almost every 
conceivable combination of metallic fibers and lubricating 
materials such as wool, hemp, jute, flax, cotton, felt, 
burnt hair, leather, grass, sawdust, cork, paper, asbestos, 
lead, wire gauze, quicksilver, rubber, tallow, graphite, 
charcoal, lamp black, carbonate of soda, sulphur, alum, 
soapstone, molasses, paraffin and stearin. As the art ad- 
vanced and higher steam pressure with its accompanying 
higher temperatures was used, it became more evident 
that an all-metallic packing was necessary. We find now 
a great variety of pistons having segments of metal fitted 
together in various fashions to provide leak-proof joints. 
These segments usually are forced against the cylinder 
wall by helical springs. With smaller cylinders and better 
machining, concentric rings backed up with flat springs 
on the inside were used. 

Fig. 1 on page 525 is a steam piston with the packing 
space designed so that the packing is expanded when the 
flanges are drawn together. Fig. 2.is identical as to pack- 
ing space, but the flange is drawn down by a single geared 
nut for quicker and more convenient adjustment. Fig. 3 
shows the Jessop piston with helical packing-rings. Fig. 


4 is one of the first pistons using all-metallic packing. 
Figs. 5 and 6 are variations in the details of Fig. 4. 
Figs. 7 and 8 show the construction of the piston in a 
locomotive of the Stanhope & Tyne Railway. The cross- 
section of the concentric rings shown in Fig. 7 is some- 
what similar to the construction of some piston-rings on 
the market today, except that the rings in the old steam 
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Fig. 3 


piston were not self-expanding but depended upon flat 
springs placed on the inside, as shown in Fig. 8, to 
make the piston steam-tight. Fig. 9 shows multiple self- 
expanding rings. Figs. 1 to 9 are taken from illustra- 
tions of Steam Machinery and Steam Naval Architecture, 
by John Weale, London, 1843. A number of the draw- 
ings are dated 1838. 

When the internal-combustion engine appeared, be- 
cause of its higher temperature it was not only natural 
to adopt the simplest form of self-expanding packing 
rings but, with single-acting trunk pistons, the self- 
expanding ring became a necessity. Actual experience 
soon showed that the simplest possible form of ring was 
the best because, under the influence of heat, the lubri- 
cating oil would turn to carbon and cement the rings into 
a solid mass in the grooves of the piston. Under such 
conditions a single-piece ring would be preferable to the 
combination shown in Fig. 9, for instance. 


Piston-RinGc DEsIGN 


The actual detailed construction and functioning of 
piston-rings for automotive purposes will now be con- 
sidered. In doing so, we can treat the different types 
or classes of ring and discuss their merits from that 
standpoint only, avoiding reference to rings of any par- 
ticular manufacture unless it becomes necessary. 

The basic requirement of a piston-ring is to prevent 
the gases in a combustion-chamber from passing a piston 
moving in a true cylinder. If this were the only re- 
quirement the task would be easy, but it must be accom- 
plished with a minimum amount of friction. This re- 
quires a light and uniform radial pressure against the 
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cylinder walls. The best material and a degree of 
accuracy bordering on perfection are necessary in the 
manufacture, as well as correct final fitting which varies 
slightly according to the peculiarities of different engines. 

For the last 25 years I have talked often with prac- 
tical men about piston-rings to obtain their opinions 
regarding different details. I have written letters recently 
to nearly all the manufacturers of piston-rings in the 
United States and to a number of engineers, asking for 
suggestions and data on this subject. Some replies are 
very good, but it is surprising how little actual infor- 
mation or definite data are available. 
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Piston-Rine FRIcTION 


First considering friction, it has been said that 
“friction is the highway robber of mechanical energy.” 
I often think it is the highway robber of gas-engine 
efficiency. Nowhere is this more clearly illustrated than 
in poorly-machined cylinders and poorly-fitted pistons and 
rings. It was necessary 20 to 25 years ago to run an 
engine with a belt for several days to get it limbered up 
enough so that, assisted by a heavy flywheel, it would 
start and keep moving from one explosion to another. 
Today, thanks to improved machine tools, we can start 


the friction attributable directly to the rings was as high 
as 85 per cent of the total engine friction. This is high, 
I think, but the few cases I have observed and some data 
I have obtained indicate that the friction of the rings 
alone is about 70 to 75 per cent of the total engine 
friction when running under light loads. Under heavy 
loads the percentage of ring friction is probably only 
about one-half of this amount. 

In his Notes on Piston-Rings in the Automobile En- 
gineer for October, 1916, Gwilyn Williams mentions an 





engines working immediately after they are assembled. 
Still we know from experience that the power improves 
for some time even with almost perfectly-machined 
cylinders, until the cylinders, pistons and piston-rings 
have acquired the mirror-like polish taken on by cast iron 
under proper conditions. 

Few actual data are available regarding losses due to 
friction of the piston-rings alone, but the mechanical 
efficiency of a gas engine is generally from 75 to 90 per 
cent. In the mechanical losses we include the pumping 
losses, which amount to about 33 per cent. The losses 
due to purely-mechanical-contact friction in average 
motor-car engines can be taken at about 10 to 12 per cent. 
Tests recorded in Germany showed that in some cases 
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Fig. 10 Fig. 11 


Fig. 12 Fic, 14 


experiment with a 3%-hp. motorcycle engine, where 5 
m.p.h. was gained by simply substituting piston-rings 
having a pressure of 8 lb. for rings of 11-lb. pressure 
per sq. in. A friction-horsepower test of an American 
aviation engine showed that, with all three rings in each 
piston in action, it required 39.2 hp. to keep it moving 
at 1200 r.p.m. With one ring removed from each piston, 
it only required 26.6 hp. to operate it at the same speed. 
The ring friction alone was computed to be 7314 per cent 
of the total mechanical losses. According to another 
source of high authority, the friction loss in the average 
aviation engine is about 13 per cent under normal condi- 
tions, about one-half of which is due to the pistons and 
rings. All this tends to prove the great importance of 
having proper piston-rings, especially with the present 
tendency toward more cylinders and high piston speeds. 
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It should be remembered that the engine is running at 
full load only about 5 per cent of the time in the ordinary 
motor car. The piston-rings, however, are exerting their 
full pressure against the cylinder walls whether the en- 
gine is running at full load or is simply idling. 

The lightest permissible pressure exerted by the rings 
against the cylinder walls means a minimum amount of 
friction. This pressure must be uniformly distributed 
around the entire circumference of the ring; that is, 
there must be a uniform radial pressure against the 
cylinder walls. How to obtain this has been and is to- 
day a most difficult and intricate problem in the design 
and manufacture of piston-rings. Practically all machine 
tools are designed for cutting either straight or circular 
lines or surfaces. As a matter of fact, a piston-ring 
exerting a uniform radial pressure against the cylinder 
wall, when in the free or expanded state, is neither 
circular, elliptic nor parabolic. Its curve has not yet been 
named, but it bears the same relation to a circle as the 
parabola bears to a straight line. To finish-machine 
such curves directly and correctly has so far been a prac- 
tical impossibility. That is why a ring is sprung to- 
gether, clamped between discs and given the last finish- 
grinding to correspond with the bore of the cylinder for 
which it is intended. 
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To understand this problem better, consider the de- 
velopment of the modern piston-ring. When, for instance, 
a turned circular concentric ring with a portion cut out 
as shown in Fig. 10 is sprung into a cylinder, it will make 
contact only at the middle and at the points as shown in 
Fig. 11 because, when compressed, it does not remain 
circular. To overcome this difficulty, at least in part, 
some manufacturers even today make the ring blanks 
eccentric, of two circular curves, and then split the ring 
at the thinnest part. If such a ring is sprung together, 
clamped into position and given one or two finish-grind- 
ings, it may fit a circular bore. The pressure will not 
be uniform, however. 


Piston-RING FirrinG AND PRESSURES 


To show how difficult it is to produce a perfectly fitting 
piston-ring, I mention the instructions given in Les 
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Secrets de Fabrication des Moteurs a Essence pour Motor- wee Sn te = 
cycles et Automobiles, by Georgia Knap, published in f 
1900. He shows eccentric rings but says they should 
be placed in a true cylinder which has been coated with 
bluing, moved about, taken out and have their high spots 
filed off until a perfect fit is produced. This is very much 
the same process as is used for scraping-in bearings. It 
can be said that this was the practice 20 years ago, but 
the Knap book is really very valuable and contains many 
points of detail not yet appreciated by many engineers. 
It accounts, however, for the superiority of the early 
French automobiles. 


A uniform-pressure ring can be produced theoretically 
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will wear the piston grooves, somewhat as is shown in 
Fig. 13. With this knowledge the natural suggestion 
would be to construct a ring of uniform thickness 
throughout, nearly filling the grooves of the piston, 
getting as much wearing surface as possible and also 
lessening the chance of leakage of the gases by passing 
behind the ring. 

The evolution of manufacturing a ring of uniform 
thickness having approximately uniform radial pressure 
against the cylinder wall came about in the following 
manner. Circular blanks of equal thickness were turned 
up slightly larger in diameter than the cylinder bores 
they were intended for; they were then parted, usually 
with a diagonal cut. The ring blank was then expanded 
in either eccentric or concentric form. An eccentric ring by hand-hammering on the inner surface until it approxi- 
would, for instance, look something like the one shown 
in Fig. 12. In the middle the ring would be abnormally 
thick, and at the joint the inside and outside surfaces 
would meet in a sharp point. The tapering thickness 
of the ring would be such that only one of the curves 
could be circular; the other curve would be of that un- 
named form already mentioned. Such a ring would be 
not only impractical to manufacture but of not much use 
because the grooves in the piston would need to be un- 
necessarily deep and the joint could not be made gas- 
tight. 

In the days when gas-engine cylinders as well as piston- 
rings were made of ordinary soft cast iron, the rings, 
regardless of how they were made, sometimes lost their 
elasticity. It was common practice to take a so-called 
“dead” ring and peen the inside with a hammer until it 
expanded so that it could be used again. It was also 
understood that, because the piston is slightly smaller 
than the bore of the cylinder, the ring must be left float- 
ing and perfectly free to expand against the cylinder 
walls; but that at the same time it must have a perfect 
fit in the grooves of the piston. When an engine is 
running, there is a slight radial motion between the ring 
and the sides of the piston grooves which causes a small 
amount of wear. Experience shows that eccentric rings 
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mated the form shown in Fig. 14 on page 528, the dot- 
ted lines representing the circular bore for which the 
ring was intended. This curve is not a regular geometric 
figure. The probabilities are that the early manufac- 
turers arrived at its form experimentally. I do not know 
who should have the credit for originating the commercial 
hammered piston-ring, but Davy Robertson of Gothen- 
berg, Sweden, patented a machine in the United States 
in 1902 for automatically hammering piston-rings. The 
ring was placed in a revolving circular die, and the 
hammer-blows were delivered by a chisel to the interior 
of the ring. The force of the blows was controlled auto- 
matically to distort the metal most at the center of the 
ring, the distortion being graduated to a minimum just 
at the joint. The Robertson ring is manufactured today 
in several European countries. 

A concentric uniform-pressure ring can be produced 
without hammering, by specially constructed turning- 
machines in which the tool post is kept moving by a cam, 
so as to produce a curve of the desired form. The rings 
might be made also from specially formed patterns cast 
in approximately correct form, and the inside surface 
either left rough or ground out approximately, the side 
and outside being finished by grinding; but, whatever 
method is used, experience so far has shown that the 
last finishing on the outside must be done with the ring 
sprung together and clamped in a nearly circular form. 
The correct form of a curve such as is shown in 
Fig. 14 on page 528 can be calculated, but manufac- 
turing it is not so easy. The least variation in the tem- 
per and density of the iron will affect its elasticity 
so that, although a ring when sprung into a gage may 
fit perfectly enough around its entire periphery to pre- 
vent light from showing through, it may still exert an 
uneven pressure against the cylinder wall. Figs. 15 to 
19 on pages 528 and 529 are diagrams showing the radial 
pressure exerted by rings of different manufacture. The 
length of the arrows indicates the proportional pressure 
at the particular point. Fig. 15 is an eccentric ring. 
Figs. 16 to 19 are concentric rings. These rings were all 
picked up at random in the open market. They fitted the 
gages perfectly and passed the “light test.” 


Piston-Rinc MaTERIAL 


The material best suited for piston-rings is undoubtedly 
cast iron. Nearly everyone agrees that it should be a 
close-grained fairly-hard cast iron. The chemical com- 
position and physical properties vary. The average of 
10 different analyses of satisfactory iron which has been 
used for piston-rings by piston-ring manufacturers is 
given in Table 1, and the specification for piston-rings 
as used by one of the large motor-car builders is pre- 
sented in Table 2. 


—_—- 


TABLE 1—PISTON-RING IRON 


Constituents Per cent 
Combined carbon 0.39 
Total carbon 3.28 
Manganese 0.59 
Silicon 2.42 
Phosphorus 0.52 
Sulphur 0.95 





It should be remembered, however, that both the chemi- 
cal and the physical properties are more or less affected 
by the methods of molding and casting, the temperature 
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TABLE 2—PISTON-RING SPECIFICATION 


Constituents and Properties’ Per cent 
Combined carbon 0.650 
Total carbon 3.100 
Manganese 0.400 
Silicon 1.750 
Phosphorus 0.350 
Sulphur 0.075 
Graphite 2.450 





*Tensile strength, 34,500 lb. per sq. in.; elastic limit, 
26,000 lb. per sq. in.; elongation in 2 in., 0.5 per cent; 
scleroscope hardness, 40. 





of the iron at the time of pouring, the moisture of the 
sand and the like. 


JOINTS 


The question whether the diagonal cut or the step joint 
is superior has been discussed as long as I can remem- 
ber. I think we are no nearer the solution than we were 
20 years ago. As nearly as I can determine, the con- 
sensus of opinion among engineers of much experience 
favors the diagonal cut. I favor the diagonal-cut joint 
because of its simplicity and ease of fitting. With a 
concentric ring nearly filling the groove in the piston and 
a correctly fitted joint, lubricating oil will fill up the small 
openings and, due to capillary attraction, make as effec- 
tive a seal as could be desired. The direction of the cut 
of the joints should, however, be arranged as shown in 
Fig. 20, because it tends to more even wear of the cylin- 
der bore. A piston-ring is supposed to prevent lubri- 
cating oil from entering the combustion-chamber. A 
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Fig. 20 


piston-ring that will hold gas at several hundred pounds’ 
pressure per square inch from getting past the sides of 
the piston, ought to be good enough to scrape the lubri- 
cating oil down toward the crankcase if given a chance, 
but it is not the function of the rings to do everything. 
The pistons should be designed so that the lower ring 
can force the surplus oil to the interior of the pistons 
or back to the crankcase. 


Future DEsIGN 


I have said little about the manufacturing consider- 
ations. That subject is covered in a general way in a 
number of textbooks. Each manufacturer has developed 
more or less special tools and appliances that are suitable 
for his particular requirements. As engineers, what we 
are really interested in is to establish some standard of 
what the properties of a piston-ring should be. The 
points that should be studied in particular include ma- 
terial, pot or individual castings, widths, style of joint, 
pressures, the number of rings per piston and the like. 
Some of the large manufacturers undoubtedly have data 
to satisfy themselves on these vital points, but I feel that 
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the time has arrived when we should be able to turn to 
the S. A. E. HANDBOOK and find some definite data on 
such subjects as what the average friction losses are in 
a four, six or eight-cylinder motor-car engine; how these 
losses are distributed and what the lowest permissible 
pressure is for the proper functioning of a piston-ring. 


Tue Discussion 


A. F. JACOBS:—What about the width of the 3/16-in. 
ring? 

L. G. NILSON :—There is a great difference of opinion. 
A ring should be as narrow as possible, considering 
strength and wear. The life of a ring depends upon the 
material it is made of, wall pressure, smoothness of 
cylinder wall and lubrication. Actual life can be deter- 
mined only by experience. Some manufacturers, especially 
of old-type engines, have been in the habit of having 
very wide rings. I prefer a narrow ring. 

W. R. PETZE:—Does Mr. Nilson prefer a ring that is 
ground or one that is turned? 

Mr. NILSON :—The method of manufacture should not 
be considered if the article produced is up to standard. 
The hard close-grained iron of which piston-rings should 
be made cannot be finished to a smooth surface by turn- 
ing. I therefore prefer a ring finished by grinding. 

A. L. CLAYDEN :—What are the maximum and minimum 
pressures in the best rings Mr. Nilson has tested? 

Mr. NILSON:—The average of a good ring will run 
about 4 lb. per sq. in. I have never tested a ring that 
had absolutely equal pressure around the entire circum- 
ference. A perfect ring should have equal pressure all 
the way around. A good ring ought not to vary over 25 
per cent, but we often find rings that have no pressure 
at some point, perhaps not even touching the cylinder 
wall, but that exert a pressure of 12 to 14 lb. per sq. in. 
at some other point. We might take a perfectly circular 
disc, Fig. 21, split it into halves, fasten the halves to- 
gether with a hinge a at one edge, and arrange a com- 
pression spring s for forcing them apart. This device, 
sprung into a true cylinder, could be of a perfect fit and 
even stand the light test, but it would exert no pressure 
against the cylinder wall except in the direction of the 
arrows at b. If used as piston packing, it would wear 
the cylinder out-of-round. Incorrectly designed piston- 
rings will do the same thing. 

C. E. Davis:—Mr. Nilson states that the basic principle 
of a ring moving in a true cylinder is to prevent the 
passing of gases by the piston. With a concentric ring, 
or with a ring with a diagonal cut, this cannot be done. 
The gases and oil cannot be prevented from passing the 
ring. If there is a pin-hole in the crankcase, the oil 
squirts through it and will go through in a solid stream. 
In my opinion, there is only one way to stop the gas from 
passing the piston-ring and that is to double-seal it 
against the cylinder wall and against the groove in the 
piston. From six months to a year’s time is required to 
season the iron for a piston-ring. All the particles of the 
material must be allowed to take a uniform position. If 
that is not done, the ring will never be satisfactory. 

R. L. SCHAAP:—Too much emphasis cannot be laid 
upon the fact that a ring should be made with as little 
wall pressure as possible, not only in regard to the 
pressure itself but in regard to the width of the ring. 
Width has a tendency to produce more wall pressure. 
We have made rings as large as 3\% in. in diameter with 
a pressure as light as 11% lb. per sq. in. It is surprising 
how much more power can be generated in an engine 
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having reduced wall friction. I speak from experience. 
We have made rings for engines running at more than 
3600 r.p.m. We find that a \% lb. per sq. in. pressure in 
a ring will hold down the speed. The circulation of oil 
around the ring keeps both the ring and piston cool to 
some degree. 

CHAIRMAN A. M. WOLF:—The problem of piston-rings 
is interlocked with many other problems. The piston 
design and material have much to do with it. Carburetion 
has much to do with the effectiveness of a piston-ring, 
depending upon the state of the fuel when introduced 
into the combustion-chamber. Again, the effectiveness 
of the lubricating system is a matter in which the rings 
must cooperate. The ring is one of those very small 
details which seems to have had as much thought ex- 
pended upon it as its relative size to the rest of the en- 
gine. To cope properly with the fuel problem of to-day 
it is essential that more thought be given to this ex- 
tremely important detail. 

J. E. DIAMOND:—I am impressed by what Mr. Nilson 
said about the narrow ring. I believe that rings will 
be made as thin as the manufacturer can machine the 
ring groove. Regarding oil that passes the rings and 
gas that enters the crankcase, that is especially true with 
the alloy piston-ring; there is more or less trouble due 
to the wear of the ring in the ring groove. I think we 
must have a narrower ring if we use alloy pistons. The 
same thing applies to iron pistons. The manufacturers 
have much trouble with pistons, mainly in winter, due 
to oil flowing from the cylinder. There has been much 
trouble with iron pistons in some of the highest-grade 
cars, on account of gas passing the ring. The ring 
groove, I believe, rather than the gap, is the main source 
of the trouble. The area between the ring and the band 
is much greater than the area of the gap; so, we will 
soon find that every manufacturer will use very narrow 
rings. 

Mr. DAvis:—In connection with the circulation of oil 
around the piston to keep it cool, how about the cir- 
culation of gas around the ring to keep it hot? 

Mr. DIAMOND:—I believe in the use of one ring in a 
groove, rather than a number of rings. 

P. M. HELDT:—I gave some thought to this ring propo- 
sition some years ago. I reached the same conclusion 
that Mr. Nilson reached. To produce a ring that gives 
a uniform pressure all around we cannot make a circular 
or cylindrical ring, we must make a cam ring. That 
is due to the fact that if we turn the ring circular in the 
first place, then cut out a portion at the gap and apply 
uniform pressure all around, naturally the ring will bend 
much more at a point opposite the gap than near the gap. 
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In fact, it will not bend at all immediately adjacent to 
the gap. If we turn the ring to a diameter of 4 in., for 
instance, cut out a section at the gap and then apply uni- 
form pressure all around, the radius adjacent to the gap 
will still be 2 in., whereas, opposite the gap, it may be 
1% or 1 5/16 in. That is the way of gaging the curva- 
ture of a ring. If we have a circular ring, the radius 
will of course be the same all around. In case a uniform 
pressure is applied all around the outside of the ring, 
the radius will differ from point to point, but each small 
section will have a definite radius. 

I worked out a formula which will give the radius 
from the cut right to the middle point, that is, for one- 
half of the ring; the other half, of course, is a duplicate 
of this. 


T, — Et’r — 60 tr’ sin? %A/Et — (2r — t) 607°’ sin® %A 
where 


r, = the outside radius of any section of the ring 

r — the radius of the cylinder bore 

E =the modulus of elasticity of the ring material 

t — the radial depth of the ring, which is uniform all 
around 


A =the angular distance from the gap 


For a 4-in.-bore ring, the radius r, figures out to 2 in., 
adjacent to the gap, and to 2.0618 in. directly opposite 
the gap; for t= 0.126 in. and EF = 15,000,000 lb. per 
sq. in. 

I was thinking at that time of turning the ring to cam 
form, cutting out a section, compressing it and finally 
grinding it, thus taking off a few thousandths of an inch. 

How to measure the pressure is of interest also. Some 
speak of % lb., others of 4 to 5 lb., and Mr. Nilson men- 
tioned 11 lb. per sq. in. I believe it is not possible to get 
as high a pressure as 11 lb. per sq. in. in a ring which 
must be fitted into its groove by expanding it and then 
pressing it together. The ring will break. To get so 
high a pressure we must have some more flexible ma- 
terial than cast iron. I think 6 or 7 lb. per sq. in. is 
about the limit. So far as I know, there is really no 
method of measuring the pressure of a ring. What 
comes nearest to it is to compress the ring by radial 
forces applied at opposite points 90 deg. from the gap. 
The pressure per square inch will then be substantially 
equal to the pressure required on one side to close up 
the ring, divided by the width of the ring. 

Mr. NILSON:—My experience is that if it takes a 
pressure of say 10 lb. per sq. in. applied on opposite 
sides, as at a in Fig. 22 on page 531, to bring the points 
of the ring together, that particular ring would exert an 
average pressure of about 3 lb. per lineal inch if sprung 
into the cylinder it is intended for. If that ring were 
4 in. wide, that would of course mean a pressure of 12 
Ib. per sq. in. 

Mr. SCHAAP:—What if a wire were brought around 
the ring and the ends pulled together? 

MR. NILSON:—That is a different proposition. The 
ring would bend mostly in the middle and would not 
require much pull. The reason the pressure per inch is 
greater is that the diameter of the ring is larger in 
every direction than the cylinder it is intended for; so, 
it must bend all over when sprung in place. When I 
speak of pressure, I mean the actual contact pressure 
that every portion of the ring periphery exerts against 
its share of the cylinder wall. Calculations of this 
pressure are complicated. John Prescott had an article 
on The Bending of Thin Rings in the September, 1919, 
issue of The Automobile Engineer, which resulted from 


an investigation having special reference to the behavior 
of piston-rings under radial pressures. It describes the 
computations. They were too complicated for me, so I 
built a machine to measure the pressure direct. 

MR. CLAYDEN:—Has anyone made tests of rings of 
different width in the same type of engine? I had ex- 
perience with narrow rings in the airplane service. 
Under certain conditions they undoubtedly increased 
cylinder-wall wear. 

M. C. HORINE:—I am familiar with some experience 
with wide and narrow rings which is somewhat contrary 
to the impression that a narrow ring necessarily means 
more cylinder wear. We must consider the ring as a 
knife, cutting a film of oil on the cylinder wall. We 
want a slight film there, but we do not want too much. 
We need not oil the combustion-chamber. The sharper 
the knife, the less pressure it requires to make it cut. 
Consequently, if the ring is made narrower we can get 
along with less total pressure, which means about the 
same pressure per square inch. In other words, it takes 
a certain pressure per square inch to penetrate this film. 
The fewer square inches we have, the less total pressure 
we need. 

I can see no reason why we cannot design a narrow 
ring that will give the same pressure per square inch 
as a wide ring. My experience was with a piston in a 
motor-truck engine. Formerly three rings were used, 
two of them being conventional one-piece concentric 
rings. The third ring was a three-piece ring and very 
wide. To cut the film of oil with that ring, great 
pressure was necessary. It was an outer ring backed 
up with two inner rings with over-lapping joints. The 
theory is that the joints were the cause of leakage and 
that with a wide-enough ring and overlapping joints 
leakage would be avoided. The result was abnormal 
cylinder wear. Substituting four rings similar to the 
other two reduced cylinder wear, made lighter pistons 
and resulted in slightly more power. This amounts to 
reducing the total pressure of the ring because of its 
smaller area. 

With narrow rings, most of the wear on the piston 
comes on the side of the groove. Obviously the lighter 
ring, the ring with less pressure, should move less than 
the wider ring. That is because the ring cocks in the 
cylinder each time it reciprocates. The ring which is 
in a narrower groove has a greater guiding surface on 
the horizontal portions of the groove than a wider ring; 
consequently, it should cock less. Perhaps we need 
deeper rings and grooves. With an eccentric ring, it is 
possible to have one portion very deep. Perhaps if we 
make the ring narrower and somewhat deeper, it will 
produce less piston and cylinder wear. 

Regarding ring gap, the popular impression is that 
the gap is the cause of ring leakage. That is why buyers 
are so anxious to get a gapless ring, or a ring whose 
gap is sealed by multiple rings, or something of the sort. 
Much attention is paid to placing the rings in the piston 
so that the gaps do not line up. Fig. 20 in Mr. Nilson’s 
paper showed the diagonal cut reversed in the middle; 
likewise at the top and bottom. I am under the im- 
pression that most of the leakage on pistons is due to 
either rings that are not round and therefore bridge, or 
rings that are poorly fitted and therefore bridge. How 
serious is this problem of gap leakage? 

Mr. NILSON :—The small gap at the joint of a properly 
fitted ring is insignificant, whether it is of step-joint or 
diagonally-cut type. Figured in square inches it amounts 
to practically nothing. Those who have had any experi- 
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ence with capillary attraction know that it is very power- 
ful. An engine cannot run dry; there must be some 
lubricating oil. If there is no excessive gap at the joint, 
the little opening will be filled with oil and form a per- 
fect seal. I am now referring to concentric rings which 
nearly fill the groove and have surfaces large enough 
at the joint to give capillary action a chance. Eccentric 
rings, being thin at the joint, do not afford sufficient 
surface for the oil to cling to; therefore, leakage is 
caused by the gas pressure blowing the oil out of the 
joint and by-passing in the idle space under the ring. 

NEIL MACCOULL:—The piston and piston-ring are im- 
portant in connection with the lubrication of a gasoline 
engine. It is obvious that oil which enters the com- 
bustion-chambers must pass around the ring somewhere. 
According to some theories no oil should pass the ring 
“because there is a perfect seal,” but it does enter the 
combustion-chambers. I must acknowledge that we do 
not know how it enters, although I can see many prob- 
abilities. I have never heard of an engine in which oil 
did not enter the combustion-chamber, and neither have 
I heard of one in which the gases never passed the 
piston-rings and entered the crankcase. As proof of 
this, in practically every dynamometer test or whenever 
an engine is in operation, a continuous stream of gases 
comes out of the breather-tube. I contend that much of 
that gas must have leaked past the piston-rings; there- 
fore, so far as I know, there has never been a case of a 
perfectly fitting piston-ring. 

Mr. NILSON :—If an engine with plenty of lubricating 
oil in the crankcase is run at a high speed by a belt, 
with valves and spark-plugs removed, what appears like 
gas or smoke will come out of the breather tube, although 
there is no fire in the combustion-chamber. 

Mr. MACCouLL:—I rather expected that contention. 
Of course, the air in the crankcase will expand as the 
lubricating oil warms up, because of the heat of friction. 
Therefore, it expands and passes out until a stable tem- 
perature is reached. Furthermore, on a four or an eight- 
cylinder engine, the volume of the crankcase varies with 
the rotative speed of the engine, because of the angularity 
of the connecting-rods. This does not exist in a six- 
cylinder engine. The dynamometer tests I mentioned 
were made with a six-cylinder engine and, after being 
continued long enough for the temperature to become 
uniform, still indicated a continuous stream of vapor 
coming out, which I am positive would not be the case 
with the belted-in engine. 

Mr. NILSON:—To explain this differently, the atmos- 
phere is never perfectly clear except after a rain. Much 
of the haziness we see is dust. Dust is composed of both 
organic and inorganic matter; all of it is heavier than 
air and some is heavier than water; it is pounded up so 
fine that it almost approaches the molecular state. When 
the particles become so small that the cubical content or 
weight is insignificant compared with the surface ex- 
posed, they will float around in the air indefinitely. The 
same thing applies to oil. Oil is of lower specific gravity 
than dust. The moving parts in the crankcase churn up 
the oil until some particles become small enough to float 
out through the breather-tube. It may look like smoke, 
but is simply pulverized oil. The carbureter people 
should consider this and make use of it. 

Mr. SCHAAP:—To what extent does capillary attrac- 
tion take place in the ring-gap? 

MR. NILSON :—If sticky oil is put upon a clean surface, 
it is difficult to wipe it off. When water is put into a 
glass that is not greasy, its surface at the edge has a 


slight upward curve or fillet. If two surfaces are close 
enough together so that the two fillets join, there is 
capillary action as in a tube. The opening at the joint 
of a piston-ring is so small that the explosion should not 
blow the oil out on a high-speed engine. 

Mr. SCHAAP:—Has the thought of using the joint as 
a capillary pump been considered, keeping a circulation 
of oil at the joint? 

VicToR W. PAGE:—A ring that does not have much 
metal will lose its elasticity. How narrow can a ring be 
made and still remain structurally strong for use on a 
piston? 

Mr. NILSON :—I cannot answer that question. 

MR. PAGE :—Some experiments were made a few years 
ago with air-cooled rings. I had considerable trouble 
with narrow rings made of cast iron. We substituted 
steel rings and cured the trouble so far as the breaking 
of the rings in service was concerned, but encountered 
more trouble regarding cylinder wear. 

Mr. SCHAAP:—Tremendous wall pressure is required 
on a very small ring, but not on every ring. The rings 
that we used exerted about a 1%-lb. pressure. We 
measured the ring by putting a very fine wire around it 
and closing it. We do not depend upon mechanical ten- 
sion. Should a ring have its own mechanical tension or 
should it depend upon other means for holding it against 
the cylinder wall? 

O. P. SELLS:—Does not the basis of the fault lie in 
the cross-section, or the strength of the ring to with- 
stand the load? What is the load the ring must carry? 
It should be determined. How does the ring carry this 
load? Is the leakage between the ring and the cylinder 
wall, or over and under the ring? Taken in connection 
with the cross-section, it should be determined whether 
the ring should be narrow, thick, thin, of cast iron or 
steel, with heavy or light pressure. 

CHARLES R. MANES:—In Fig. 13 of Mr. Nilson’s paper, 
the end of the eccentric ring which had greatly worn the 
groove of the piston is shown. It is perfectly clear that 
trouble would be caused by leakage back of that ring. 
All manufacturers would turn out a very fair engine 
with a plain ring properly fitted but, almost universally, 
after those cars have been driven from 3000 to 5009 
miles, they begin to pump oil. My experience in service 
work shows that the narrower the ring is, the more of 
an oil-pumper it becomes. I attribute that to the ex- 
cessive wear of the ring and the groove lands. Those 
groove lands can be ground out and, in some cases, the 
grooves can be deepened and a ring put in with a larger 
wearing area. A greater mileage with less oil pumping 
than with the engine when new can be obtained in that 
way. I believe that many service men will bear me out 
in the statement that what we need is deeper grooves 
and a larger wearing area. I think the matter of light 
wall pressure does not amount to much. I agree that 
with less wall pressure we obtain more power, less heat 
and a longer cylinder life. I believe that with deeper 
grooves and larger wearing areas on the rings against 
the groove lands, we will obtain a longer life without 
tearing the engine down and putting in new rings. It is 
true also that the ring will stand up longer and show 
less tendency to break, particularly the rings that are 
in the top groove. 


MR. HELDT:—Does not Mr. Manes mean wider grooves? 

Mr. MANES :—Deeper. 

Mr. HELDT:—I do not understand how that affects it. 

Mr. MANES:—The effect is in a radial direction. To 
function properly in a groove, the piston-ring must have 
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room for expansion and lubrication; otherwise, it will 
stick. From the moment the ring is installed until it 
gets heated so that it will not reciprocate, there is a 
reciprocating motion of that ring in the groove which 
gradually increases, particularly in a high-speed engine. 
The piston consequently becomes a reciprocating pump. 
If we start the piston from the explosion stroke, as it 
goes down the ring is wiping the oil under the ring with 
whatever gap there may be there; as it comes up, the 
ring is forced to the bottom of the groove and, as the 
oil must pass somewhere, it passes back of the ring 
toward the top. When the piston starts downward 
again, there is a partial vacuum above it in the cylinder; 
otherwise, the charge would not be obstructed. That 
partial vacuum is also drawing the oil toward the top 
and, when the piston comes up on the compression stroke, 
it is pushing the oil ahead. When the ring gaps become 
great enough, we begin to have ignition trouble, missing 
cylinders and an oil-pumping engine. 

THOMAS G. SAXTON:—I think that the ring depth has 
nothing to do with it. The ring is nothing more or less 
than a check-valve. The best check-valve today is a 
spring check. A piston-ring instead of checking on both 
sides of the groove should check only on one side. 

Mr. MANES:—On an old 414-in. engine, I found re- 
cently that the clearance of the ring groove was exactly 
0.039 in. One can judge whether there would be a pass- 
ing of gas or oil back of that ring. The grooves were 
turned out and fitted with good rings. There was no 
further trouble with the engine. 

Mr. SCHAAP:—I referred to the heavier ring. It is 
obvious that a ring should be made as light as possible. 

ROBERT E. EHRLICHMAN :—I will not attempt to offer 
a panacea for all piston-ring ills. I will give you the 
benefit of what we have been asked to produce in piston- 
rings. The results have been satisfactory thus far. We 
are at a loss to know whether to make a wide ring, a 
narrow ring, a thick ring or a thin ring. Only within 
the last few years, since 6 and 12-cylinder engines have 
been built, do we find a greater demand for a thin ring. 
about 3/16 in. wide. We believe that a piston-ring is 
intended to take up the clearance between a piston and 
the cylinder wall and to help lubricate both the piston 
and the cylinder. To accomplish this we must consider 
that the ring in itself is very small and, being much 
smaller than the cylinder wall, it will most naturally 
offer the least resistance and will therefore get the 
greatest amount of friction and wear. To prevent fric- 
tion, we must use oil. To use oil and use it constantly, 
keeping it there by a steady flow of some mechanical 
certainty, a carrier must be provided for that oil and 
we must provide it in the ring itself. How to provide 
that carrier depends entirely upon ideas of design. We 
have designed in our ring an oil groove that will lubri- 
cate the ring itself as well as the cylinder wall, at the 
greatest number of points possible. We believe that on 
the upstroke this groove will carry a certain amount of 
oil to lubricate itself and the cylinder wall, and that on 
the down stroke it will scrape off the excess oil and send 
it into the crankcase again to be used for lubrication. 
We believe further that the construction of our groove 
will prevent the groove from filling with carbon, be- 
cause it is natural that the carbon will not remain in 
the groove if it is cut in the ring on an incline. Our 
experience proves that our theories are correct. I am 
presenting them for what they are worth. 

FREDERICK RAY:—Some years ago I worked out a 
method of measuring pressure by a scale or balance and 
pressure applied opposite. I found that, if the ring is 


considered as giving uniform radial pressure, the 
pressure per unit length of the circumference of the ring 
is equal to the concentrated load at the top, which is 
equal to the reading of the scale or balance divided by 
2.27 times the radius. That gives the pressure per linear 
inch. The pressure per square inch is obtained by divid- 
ing that result by the width of the ring, assuming that 
the ring gives uniform pressure. The method is to 
apply a load to the top while the bottom rests on a spring- 
balance, until the distance across in the direction of the 
load is equal to the normal diameter of the ring, the cut 
in the ring being at right angles to the direction of the 
load. The method of compressing the ring until the two 
points meet has been used by some, but it gives the 
wrong result because the curvature at the end of the 
ring is different from what it is when the ring is com- 
pressed in the cylinder. When compressed so that the 
diameter across in the direction of the load is equal to 
the normal diameter, the results I have stated are 
obtained. 

A MEMBER:—There seems a wide diversity of opinion 
regarding what a piston-ring ought to do. What the 
public would like to know is how long a ring will last 
and when new ones are needed. 

FRED KELLER, JR.:—With a three-ring piston and the 
gap lined up, why does crankcase dilution occur and why 
are the combustion-chambers filled with oil? 

Mr. NILSON :—Rings having a diagonal cut in the same 
direction have a habit of lining up so that the joints are 
all in line. With rings cut in opposite directions, there 
is a slight propeller action. They are perfectly free to 
crawl around, thus mixing-up the position of the joints, 
and they produce more even wear on both the ring and 
the cylinder. I am not prepared to give the exact rea- 
son, but that seems to be the experience of service men. 
Practically all designers agree that the middle ring 
should be cut in the opposite direction. 

Mr. SAXTON:—I have made rings of all kinds. We 
used to pin the rings in. On a modern engine it is 
practically impossible to pin the ring in. First, the 
manufacturer would not stand the cost. A piston-ring 
should be flexible enough to fit a cylinder that has worn 
irregularly. The present snap ring is two rigid to ob- 
tain this result even though it may be ground perfectly. 
Is not the problem to get a ring that will fit a distorted 
cylinder ? 

Mr. NILSON:—No. I never considered trying to make 
rings to fit all kinds of cylinder. One of the conditions 
for making a perfect ring is that it is to run in a reason- 
ably good cylinder. In the old days of the steam engine 
it was perfectly proper to pin the rings and keep them 
in one position. In time they would wear so that the 
rings and the cylinder fitted together and gave fairly 
good results. With a steam engine it makes little differ- 
ence so long as there is plenty of boiler power but with 
a gasoline engine it is different. Each explosion must 
produce enough power to keep the machine going until 
the next cylinder gets a chance. There might be 
emergency cases where we would resort to almost any 
scheme, but that is not engineering. For standardization 
work we should consider only good rings and good 
cylinders. 

Mr. SAXTON :—Steam engineers should be and are as 
particular as gas engineers regarding the circumferential 
fit of the ring and its fit in the piston grooves. A snug- 
fitting piston-ring will create a vacuum and not pump oil. 

Mr. NILSON:—A steam engine will work fairly well 
with almost any kind of a ring, or no rings at all, if 
there is plenty of boiler capacity. 
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Mr. MANES:—Very few modern pistons have sufficient 
body to hold the pin to line up the piston-rings. 

MR. SELLS :—Why is it desired to pin a ring? 

MR. SAXTON:—In a two-cycle engine the rings must 
be pinned to prevent the openings of the rings from 
entering the gas ports. 

Mr. SELLS:—Is it not the pressure of the passing gas 
that causes the ring to turn? 

MR. SAXTON :—When the ring is sliding in a groove, 
is it not reasonable to suppose that it is turning around 
also? 

MR. HORINE:—This problem of pinning a ring is very 
much like that of tying a tire chain. Formerly we tied 
the tire chain to a spoke so that it could not creep. The 
result was that a pattern of the cross chain was im- 
printed on the tire. Then we found we ought to let the 
chain creep. As Mr. Nilson has shown, no ring on the 
market exerts an equal pressure all around. If the ring 
is stationary, the cylinder therefore will wear more in 
one spot than in another and become distorted. Every- 
one knows that rings do creep if they are not pinned. 
That means equal distribution of wear. Pinning rings 
is not practicable because the pins will come out. They 
are very difficult to fit. There is not enough body in 
the ring to hold the pin. 

Another cause of cylinder distortion is bad cylinders. 
A cylinder that will become distorted after it has been 
in use has not been properly aged or heat-treated. It 
is perfectly fair on the part of the piston-ring manufac- 
turer to ask the engine builder to give him good cylinders. 
No reasonable man can expect a round ring to fit a dis- 
torted cylinder. We ought to start with the idea that we 
will have a good cylinder and not a distorted mass of 
metal. 

Mr. Nilson answered the question as to why gas will 
not go down through the gaps. It is simply a matter 
of proper end-clearance on the ring. If this is right, the 
ends cannot separate far enough to destroy the capillary 
action. If they are close enough together, and the closer 
they are together the greater the capillary action is, the 
resistance of the body of oil in that gap will prevent 
more oil from going through and prevent gas from going 
through. That is why I believe most of the leakage is 
through bridging of the ring, due to scored cylinders or 
rings which are not round, and not through the gap. 
Theoretically, it is impossible to have a round ring un- 
less it is made cam-shaped. We can make them approxi- 
mately round, however. I believe that the question is 
one of end-clearance, which depends upon good workman- 
ship. When every garage is fitting piston-rings, we 
cannot expect to get proper end-clearance. 

MR. MANES:—Cylinders become distorted in many 
different ways. One is by the improper fitting of piston- 
rings, fitting them too closely. If either a bevel-cut or 
a snap-cut piston-ring is fitted too closely, when it ex- 
pands it will give. This is generally at the softest place 
in the cylinder wall, because the piston-ring that depends 
upon itself for its wall pressure is generally of harder 
material than the cylinder wall. The blame cannot all 
be laid upon the manufacturer, although we did have bad 
cylinders during the war because the manufacturers 
could not get material far enough ahead to season it. 
We are still suffering from that complaint. 

The question was asked as to why the rings are not 
pinned. As long as a ring creeps it will never lap in, 
although on examination it will give the appearance of 
having lapped in; but while the ring is moving around 
in the groove in and out, it will never lap in. Several 
different types of ring are made, however, that neither 
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creep nor reciprocate in the groove, and they do not 
need pinning for a two-cycle engine. 

Mr. DAvis:—I do not agree with this idea of capillary 
action in the groove. The fact that there is a pressure 
of 250 lb. per sq. in. is sufficient to indicate that it will 
blow through. It will blow anything out of there. 
Therefore the ring will leak. 

CHAIRMAN WOLF:—Have you figured the area of that 
groove space? 

Mr. DAviIsS:—When the ring is put in, as soon as the 
cylinder gets hot that ring gets opened up. Consequently 
there is a gap in there. I have tried it out. 

Mr. HORINE:—Does not the ring get hot as the piston 
gets hot and expands, and does that not compensate? 
Also, we should not forget that we are depending upon 
the capillary action of the oil all the way around the 
ring. The idea that the ring is touching the cylinder 
is wrong. It is a physical impossibility to make any two 
bodies touch. Two sheets of glass can be placed so 
closely together that it is difficult to pull them apart, 
through no bond whatever but capillary attraction. It 
is a proved fact that often, with a bridging ring, we 
get a larger area of void between the ring and the 
cylinder on the plain side of the ring than the area of a 
diagonal-jointed ring with proper end-clearance. 

Mr. DAvIS:—If the ring does not touch the cylinder 
wall, how does it cause wear? 

Mr. HORINE:—Under a microscope, any metal surface 
is seen to be a series of teeth. Those teeth approach one 
another and knock each other off, and that is what the 
wear of metal is. The surfaces do not touch, but they 
approach, through an oil cushion in this instance. 

CHAIRMAN WOLF:—It appears that the cylinders may 
be imperfect. Is that a negligible quantity or not? In 
some castings the cylinders are tangent to each other, 
coming together and touching without a water-jacket 
between. There is a tendency to distort. The changed 
diameter would be sufficient to allow a very small gap 
between the ring and the wall. Many cylinder blocks 
have an internally cast intake pipe that goes between 
two cylinders, tangent to the walls. There we have a 
cold intake pipe against a hot cylinder wall. At the 
bottom of the water-jacket and at various points where 
there is a wall or ribbing, there must be some dis- 
tortion. Is that distortion to be considered infinitesimal? 

Mr. NILSON:—I think it is not infinitesimal, but we 
must remember that even the plain concentric snap-ring 
has a certain amount of elasticity. If the cylinder is 
slightly oval, the ring will tend to accommodate itself to 
it, but if it is too much distorted the ring cannot fit it. 
To obtain a perfectly uniform radial pressure, an abso- 
lutely circular cylinder is required. The rings will ac- 
commodate themselves considerably. In a cylinder that 
is worn to conical form, or irregular in shape, a snap- 
ring will do just as good or better work than some of 
the multiple rings, because, with the radial motion be- 
tween the sides of the rings and the sides of the grooves 
of the piston, conditions are such that the friction will 
be less. If three rings with the openings in different 
places are put in the same groove and run back and forth 
in a conical cylinder, there is friction between the dif- 
ferent portions of the ring. They act like brake-bands. 
On a high-speed engine the multiple ring has insufficient 
time to conform perfectly to a conical cylinder bore. The 
wear and the breakage of such rings are considerably 
higher than those of the plain rings. 

A MEMBER:—If the cylinder is lifted off, the rings 
spaced equi-distant and the cylinder-head is set down, how 
is it that the oil-pumping stops? 
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Mr. HORINE: — Probably the end-clearances were 
wrong. If the end-clearances were right, it would not 
pump oil in the first place. 

J. W. LORD:—What is proper end-clearance? We have 
had statements of figures from 0.002 to 0.040 in. 

Mr. NILSON :—We have nec accurate standard for end- 
clearance. The various types of engine cause it to dif- 
fer. In some cases the temperature of the rings is prob- 
ably higher than that of any other portion of the engine 
except the top of the piston-head. The ring has a slight 
extra temperature from the rubbing action against the 
cylinder. 

C. M. BILLINGS:—Does oil-pumping mean a loss of 
power? 

Mr. NILSON:—I think it should not. affect the power 
to any great extent. The power lost in shearing the oil 
film depends somewhat on the oil. It requires consider- 
able power to keep a piston sliding with a film of thick 
oil between it and the cylinder wall. If the oil is com- 
paratively light, the loss of power should not be great. 

Mr. LorD:—This matter of oil-pumping is a very seri- 
ous one. Oil is expensive and excessive amounts make 
an engine unreliable. Full engine power may be devel- 
oped so long as the ignition will function, but oil gums 
‘up the spark-plugs and valves. One of the first elements 


DEPTH OF 
HERE is need for a large number of comprehensive in- 
vestigations to furnish reliable information upon the 
relation of soil types to depth of plowing, energy expended 
and crop yields. There is information available to show that 
on our more common types of soil it is not desirable to plow 
over 8 in. deep for most crops, but experimental evidence is 
generally lacking in regard to results which can be obtained 
between the depths of 4 and 8 in. One California investi- 
gator with a national reputation summed up his opinions on 
the matter as follows: 


The depth of plowing in California is by no means 
constant, nor is it specific for any type of soil. Some- 
times our heaviest soils are plowed to a depth of 14 
to 18 in. as in sugar beet growing. Then again they 
will be most commonly plowed at a depth of 4 in. The 
same is true of light soils. We have no basis for be- 
lieving that deep plowing is superior to shallow plow- 
ing. No experiment can be planned along this line 
which is not so full of errors as to make it practically 
worthless. 


Contrasted with this opinion an investigator in Iowa wrote 
as follows: 


I am sure that, on the whole, plowing that is too 
shallow is practised in this State on practically all of 
our types of soil, with the possible exception of the 
sands. We usually recommend plowing 6 to 7 in. with 
observance of certain precautions such as not to plow 
a soil much deeper in the spring than has been the 
custom previously. We recommend that if the soil is 
to be plowed much deeper than in former years, the 
work should be done in the fall. We believe that the 
more general introduction and use of tractors will be 
a tremendously important factor in the deepening of 
plowing in this State. General practice of deeper plow- 
ing in Iowa should be productive of beneficial results 
and be noted in increased yields. 


of engine design is to prevent excessive oil consumption. 
So far as cylinder wear and ring sizes are concerned, lu- 
brication has great influence. Cylinder wear is some- 
thing that cannot be determined within a short period. 
The elements that enter into it are uncertain, such as 
the quality of gasoline, the degree of crankcase dilution, 
piston-ring material and the like. There are also the 
hardness of the metal in the cylinders and rings and 
many other things that must be considered. 

Mr. EHRLICHMAN:—I wish to defend the one-piece 
ring. I designed a two-piece ring, but my experience 
with it taught me to return to the one-piece type. The 
experience was that in having two units I had two sorts 
of friction distribution that were never alike. When the 
rings came out for overhauling and were put back again 
into the piston, they did not function as at first. I be- 
lieve that a one-piece ring will give the best results, do 
the work it is intended for and give satisfaction. 

E. M. LORENZ:—Regarding properly-fitted rings, is 
there any consensus of opinion as to what the width 
should be? With a 3%-in. cylinder, how closely should 
the ring fit? 

Mr. MANES:—The standard of groove clearance in a 
number of factories is from 0.0010 to 0.0015 in. side 
clearance. 


7 T 
PLOWING 
For purposes of discussion shallow, medium and deep 
plowing will be defined as follows: 


Shallow plowing up to 5 in. 
Medium plowing 5 to 8 in. 
Deep plowing, 9 in. and deeper 


Some years ago much was said about the advantages of 
plowing 12 in. or deeper. This stimulated a number of inves- 
tigations on the subject. It would take more than an optimist 
to make a case for deep plowing in the face of the results. 
In only one instance, a two-year experiment in Utah, was 
there any marked increase in yields from deep plowing. 
There are some crops, such as sugar beets, potatoes and cab- 
bage which appear to produce increased yields when planted 
on deeper plowed soils, although this conclusion is based on 
practical observation and not experimental evidence. For 
the ordinary crops such as corn, oats and wheat, plowing 
deeper than 8 in. is not recommended by men who are study- 
ing the problem, and their conclusions are amply supported. 

The experimental evidence on the depths of plowing up to 
8 in. is not comprehensive enough to warrant the drawing of 
general conclusions. The light sandy soils may be plowed 
shallower than the heavier soils. From 4 to 6 in. seems to 
be the range of depth best adapted to this type of soil. On 
the heavier soils it is desirable to plow to a depth of 7 in. 
and for this particular purpose the silts, loams and clays 
can be grouped in one class. It is advisable to plow deeper 
in the late summer and fall than in the spring. If the depth 
of plowing is to be increased it should be done gradually, not 
more than 1 in. each season. 

There is a limited amount of experimental evidence, which 
is sustained by practical experience, to show that it may 
not be necessary to plow to the maximum depth every year 
to secure the maximum results. One successful farmer in 
Illinois plows to the maximum depth only once in three years. 
The work in Kansas furnishes data to support this practice. 
E. A. White in Farm Implement News. 





Vol. VII 


December, 1920 





Battery-Ignition Systems 


By J. H. Hunt’ 


CLEVELAND SECTION PAPER 


operation of jump-spark ignition systems is a nec- 

essary preliminary to the discussion of the advan- 
tages of the so-called battery-type systems. The exact 
process of ignition is not definitely known. Tests have 
been made indicating that under certain conditions igni- 
tion may be caused by electrostatic stresses in the mixture, 
without the passage of a true current. Whatever may be 
possible when the mixture is in perfect proportions and at 
the right temperature, experience has shown the necessity 
of the flow of a certain minimum amount of current be- 
tween the spark-plug electrodes, which means that heat is 
set free at the gap between the electrodes. It is very likely 
that the ignition is due to heating effect, and if the same 
amount of heat could be delivered at the same rate in the 
same limited space by other means, the ignition of the 
mixture would be equally good. 

It is somewhat surprising to find that the energy is de- 
livered to the spark at a rather high rate, at as great a 
rate as the rate of energy supply to a larger incandescent 
lamp than is used ordinarily for room illumination. This 
high rate of energy delivery lasts only a matter of mil- 
lionths of a second. The passage of the current causes the 
gap resistance to decrease to a very small fraction of that 
existing before the discharge reducing the voltage re- 
quired to maintain the current, so that the rate of energy 
discharge for the latter part of the spark is much less 
than the initial rate. It would be possible to construct 
and use a generator of electrical energy large enough to 
deliver the power required for the spark, and to arrange 
to connect this generator to the plugs in the proper way. 
If, however, energy can be stored up by a device absorb- 
ing power at a smaller rate and this energy can be 
abruptly delivered at a high rate, a smaller and more eco- 
nomical generator can be used. 

We can consider the driving of a nail into a hardwood 
table as a very simple analogy. If the nail were driven 
by a steady pushing force, a power would have to be de- 
livered at a higher rate than a man is capable of without 
the use of levers to reduce the speed and power rate. By 
taking a hammer and swinging it at the nail, energy is 
stored in the hammer at a rate we can conveniently sup- 
ply. Due to the law of motion, one-half the mass multi- 
plied by the square of the velocity, when the hammer 
strikes the nail this stored energy is delivered at a much 
higher rate than a man is capable of continuously, with the 
result that the nail is driven. In a similar manner we store 
up electromagnetic energy in preparation for the spark, 
and then deliver this energy at a very high rate relatively. 
In this way we can use a generator of small capacity for 
ignition instead of one of say 100-watts output. 

There are four vital elements in a jump-spark ignition 
system, whether it is a battery or a magneto system. 
These are 


A BRIEF outline of the elementary principles of the 


(1) The source of energy which may be a battery in 
the battery system but, with modern systems when 
running, is the generator 

(2) The device for storing energy which is the mag- 
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netic circuit of the coil with the interlinked pri- 
mary winding 

(3) A device for timing or releasing the energy which 
is the breaker mechanism and the condenser asso- 
ciated with it 


(4) A device for transforming the potential of the 


released energy so that the spark will jump the gap 
under compression 


Element (4) is present in the primary and secondary 
winding, interlinked with the magnetic circuit. This mag- 
netic circuit and primary winding thus fulfil two func- 
tions in the ordinary ignition system. In certain low-ten- 
sion magneto systems, the transforming device is entirely 
separate from the energy-storing device but, in the or- 
dinary battery system and in the high-tension magneto, 
the same magnetic circuit that acts as a device for stor- 
ing the energy is also a part of the transformer. 


ELEectTrRIc AND HyprRAvULIc ANALOGY 


Fig. 1 shows diagrammatically the electrical circuits or 
system and above this an hydraulic system, which gives 
a fairly complete analogy to the electrical system. The 
source of energy a for the battery system is similar to 
the standpipe b of the hydraulic system. A direct-current 
generator of the same voltage as the battery in the first 
system would give the same results as the battery and, 
similarly, a centrifugal pump supplying water at the same 
head can be substituted for the standpipe. In the elec- 
trical system, the energy is stored in the inductance ¢, 
which consists of windings wrapped about a core of wire 
or thin sheet steel. In the hydraulic system the energy is 
stored in the moving column of water in the horizontal 
pipe de. 

The electromagnetic energy stored in the coil c is re- 
leased by the opening of the contacts f g, breaking the 
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current which previously maintained the magnetic field. 
In the hydraulic system is shown the slide valve h of 
rather peculiar construction to make the analogy more 
satisfactory. A slide valve has a thin forward edge and 
we will consider that this valve is made of tin or some 
weak metal. This is granted to be a very poor way to 
make a valve, but it is a good hydraulic analog of the best 
electric valve available. If the valve is closed against the 
flow of water in the pipe, the sudden rise of pressure, or 
water hammer, would break the thin edge of the weak 
valve and make it impossible to cut off the water quickly; 
it would also injure the valve. In a similar way in the 
electrical circuit the sudden rise of voltage at the separat- 
ing contacts will cause an arc to strike across, prolonging 
the time during which the current dies out and burning 
the contacts. We can protect both of the defective valves 
by delaying the rise of pressure on them until the thick 
part of the hydraulic valve is across the opening, or until 
the contacts are so far separated that no arc is likely to 
strike across. An air dome 7 in the hydraulic system will 
permit water to flow in against the rising air pressure 
until the valve is closed, after which the water is forced 
out by the air pressure. A condenser j connected about 
the contacts absorbs electricity as the contacts open, and 
reduces the rate of current change. The electricity which 
flows into the condenser flows out with the fall of electri- 
cal pressure, just as the water is forced out of the air 
dome. Under certain conditions, after the valve is closed, 
we see that the water forced out of the air dome is sent 
back to the standpipe, and, when the flow is established, 
it may last until the air in the dome has expanded to more 
than its original volume. When the water starts to flow 
back it accumulates inertia and compresses the air, which 
later reverses the water flow and causes an oscillation in 
and out of the air dome, at one instant storing energy in 


the compressed air and at a later instant in the moving 
column of water. In a similar way energy can be stored 
in the electrically stressed dielectric, or insulation of the 
condenser, and sent back later as current which stores 
energy in the coil, the repetition of the cycle being an 
electric oscillation. 

As an hydraulic analog of a transformer, we have two 
cylinders of different diameters, k and /, the large cylin- 
cer being connected directly into the horizontal discharge 
pipe de. When the valve closes, the rise of pressure set 
up by stopping the flow of water is exerted upon the pis- 
ton m, which is rigidly connected with the smaller piston 
n. It will then be possible for the smaller piston to exert a 
much larger pressure per square inch of area against the 
liquid in the cylinder 1, connected to the pipe o. By this 
means we can multiply the hydraulic pressure set up by 
the closing of the valve. The hydraulic system is thus so 
devised that different parts of it fulfil the same functions 
as vorresponding parts of the electrical system. It is well 
to emphasize, at present, that the air chamber in the 
hydraulic system is useful only in permitting a defective 
valve to close without injury to itself. If a valve were 
constructed that would withstand the resultant shock, 
there would be greater instantaneous pressure on the pis- 
ton m, and therefore on piston n, if the air chamber were 
omitted. In the same way, if we could construct a 
breaker mechanism in the electrical system capable of 
breaking a current instantly without the aid of a con- 
denser, we would get a stronger electrical impulse in the 
primary and therefore a stronger one in the secondary. 


OSCILLATING VOLTAGE 


Fig. 2 shows an oscillogram of what occurs in the pri- 
mary circuit of an ignition system when the secondary is 
disconnected. The lower record is that of the primary 
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current. When the circuit is closed, the current increases 
gradually toward its final value, following a logarithmic 
curve. The curve was taken with a four-point cam rotat- 
ing at 1200 r.p.m. The interval, therefore, from the time 
the circuit is first closed until it is closed again is 1/80 
sec. The upper record shows the voltage across the ter- 
minals of the condenser, which is practically the same as 
the voltage across the primary of the coil during the 
period immediately following the separation of the con- 
tacts. When the contacts separate, the current in the 
coil decreases very rapidly. The decrease of current 
causes a voltage to be generated in the coil, the direction 
of this voltage being such that the tendency is to main- 
tain the current in its original direction. This voltage is 
impressed upon the condenser, which is parallel with the 
contacts, causing electricity to flow into the condenser. As 
the amount of electricity in the condenser increases, its 
voltage opposing the flow increases. We can finally reach 
a condition where the current has dropped to zero and, 
neglecting losses, all of the energy formerly in the mag- 
netic circuit of the coil has been transferred to the con- 
denser, the voltage of which has now reached a fairly 
high value. The condenser now discharges back through 
the coil, the current flowing in a reverse direction. The 
oscillogram shows clearly a reverse current after the 
breaking of the contacts. This current stores up energy 
in the coil and, as the current starts to die out, the voltage 
of the coil tends to continue this reverse current, charg- 
ing the condenser in the reverse direction. The reverse- 
charge condenser discharges back through the coil, estab- 
lishing a current in the original direction. On the oscillo- 
gram this second current in the original direction is 
shown at the first peak after the break, with a value ap- 
proximately one-half the original value of the current at 
the break. The decrease is due to resistance and iron 
losses in the electric and magnetic circuits. The upper 
record shows an oscillating voltage across the condenser 
first in one direction and then in the other, there being 
several oscillations before the energy is absorbed. 

The most important fact from an ignition standpoint is 
that the voltage of the first oscillation is highest. As 
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mentioned above, the upper record shows the voltage 
across the condenser. So far as the operation is con- 
cerned, the voltage across the primary coil is identical 
in value, being placed one-quarter of a cycle away in time. 
The voltage generated in the secondary, which is wound 
about the same core as in the primary, follows an exactly 
similar wave, the voltage being greater in the ratio of 
the secondary to the primary turns. It is obvious then 
that if a spark in the secondary circuit is to occur, it 
must occur by the time the first peak in the voltage 
wave is reached. If this first peak is not sufficiently 
great to cause a spark, there will never again be a volt- 
age high enough for a spark. As a matter of fact, in 
an ordinary system the primary voltage required to pro- 
duce a spark in the secondary will rarely reach one-half 
the maximum voltage that is available. The natural 
period of oscillation between the primary and the con- 
denser for many commercial ignition systems is between 
3000 and 5000 complete cycles per sec. The spark must 
occur in the first quarter cycle and, owing to the shape 
of the wave, in less than one-half of the time of the first 
quarter cycle if the voltage actually used does not exceed 
one-half of the maximum available. If we assume 3000 
cycles per sec., taking a lower value, the spark must then 
occur in 1/24,000 sec. For an engine running 3000 r.p.m., 
i.e. 50 r.p.s., the engine turns only about two-thirds of a 
degree from the time the contacts separate until the spark 
occurs. 

The above point is brought up because so much has 
been said about the lag of the battery spark. The very 
slight lag already mentioned is due to the necessity of 
charging a condenser up to the primary voltage at which 
a spark occurs. The conditions are exactly the same in 
the high-tension magneto, and there is no more lag in 
one system than in the other. We are discussing modern 
battery systems where the spark is controlled by a me- 
chanical breaker which is driven by the engine. In some 
of the early battery-ignition systems, the circuit was 
closed by a commutator and the break occurred from the 
operation of a magnetically operated vibrator. There 
was an appreciable time-lag with this vibrator which 
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was constant in time but varied in degree with varying 
engine speed. Many seem to have the lag of the vi- 
brator system in mind in discussing battery ignition. 


SpaRK-PLuG GAps AND CURRENT VALUES 

In Fig. 3 on page 539 the same coil is discharging in 
air across a 14-in. spark-gap between sharp nickel points. 
The primary current looks much as it did before, except 
that the large oscillation after the break has disappeared. 
The voltage across the condenser is very different. At 
the instant of break there is a sharp peak, the voltage 
dropping back from this value as a result of the estab- 
lishment of the secondary current across the gap. After 
this the voltage across the condenser is maintained at a 
fairly constant value, increasing very slightly through- 
out the period of duration of the secondary current. The 
secondary current is shown in the upper record. After 
the stopping of the secondary current, we see an indi- 
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cation of a very slight oscillation across the condenser 
terminals, and also in the primary current below. This 
oscillation occurs because the secondary current stops 
while the condenser voltage is still above zero, and the 
small amount of energy left in the condenser sets up an 
oscillation which is, of course, very feeble as compared 
to that of Fig. 2 on page 538. We know from other tests 
which do not concern the present discussion that the 
maximum value, represented by the first peal of voltage 
across the condenser, is less than the value existing at the 
instant the spark is established. The first impulse of 
voltage lasts for such a very short time that the oscillo- 
graph cannot give us a complete record. 

Fig. 4 shows the operation of the same coil when dis- 
charging across a spark-plug gap set at 0.030 in. under 
60 lb. per sq. in. air pressure, this air pressure requir- 
ing more voltage than 90 lb. per sq. in. pressure on a 
mixture under engine conditions. Since much less volt- 


Si AIR m0 
Ee IN 


Vol. VII 


December, 1920 


No. 6 





BATTERY-IGNITION SYSTEMS 


age was required to maintain a spark across a short gap 
such as this than across the long one in Fig. 3 on page 
539, less energy is dissipated in a unit of time for a 
given current. As a result, for a given amount of coil en- 
ergy, the spark lasts much longer. We can see more 
clearly on this oscillogram the rising voltage across the 
condenser with the decreasing secondary current, and 
also the small primary oscillation occurring after the 
spark ceases. 

Fig. 5 illustrates the same conditions as Fig. 4, ex- 
cept that a coil of large inductance and somewhat smaller 
transformation ratio was used. With a larger inductance 
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thicker and more sloping than usual. The thickness of 
the line is an optical effect, due to the fact that the beam 
of light from the oscillograph mirror is much wider in 
the vertical direction than in the horizontal. The dif- 
ference in the slope, however, is due to the fact that the 
current is dying out much more slowly than under normal 
conditions. As a matter of fact, the energy of the coil 
is being dissipated at the primary contacts, rather than 
in the secondary spark-gap. This dissipation of energy 
of the primary contacts is exactly what we had in the 


old make-and-break ignition systems. with the contacts 


installed inside the cylinder. From the electrical stand- 


Wyss 


Fig. 7 


the current builds up more slowly. The duration of the 
spark at the break, for a given current, is longer on 
account of the larger amount of energy available. Com- 
paring Figs. 3 and 4, the initial value of the secondary 
current is apparently the same for both cases. This is 
as it should be. Theoretically, the initial value of a 
secondary current is the primary current at the break 
divided by the ratio of transformation, neglecting the 
very slight current change needed to generate the voltage 
to cause breakdown. 

Fig. 6 shows what occurs when the condenser is dis- 
connected. The upper primary current corresponds to 
the upper secondary-current record, the condenser being 
connected in the proper way for this test. When the 
condenser is disconnected, instead of getting a clean 
break when the contacts separate, the downward line is 


point this is more efficient than using a transformer but 
has proved commercially impossible mechanically for 
high-speed engines. 

Fig. 7 shows the spark discharge of a well-known high- 
grade high-tension magneto at low speeds. The two lower 
records show a spark at full advance and full retard at 
170 r.p.m. of the magneto, corresponding to 114 r.p.m. 
of a six-cylinder engine. The upper record shows the 
spark at 200 r.p.m. of the engine. These records are 
included to show that at moderate speeds the spark from 
the magneto is identically the same kind of a spark as we 
obtained from the battery ignition, the discharge wave 
being triangular, showing a relatively high initial value 
and falling quickly to zero. This is exactly what would 
be expected from a knowledge of the circuits in a mag- 
neto. From the electrical standpoint the fundamental 
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difference is that a rotating armature is used for the 
source of energy instead of the battery. The electro- 
magnetic energy is stored up in the leakage circuit of 
the magneto armature, and is released by a breaker 
mechanism with a condenser in parallel, just as has al- 
ready been outlined. In the case of the high-tension 
magneto the source of energy, the device for storing en- 
ergy and the device for transforming energy, are all con- 
tained in one element which is the armature with its 
double winding. There is no essential difference in 
the operation, so. far as fundamentals are concerned, 
whether the armature rotates in the ordinary machine 
with the shuttle-type armature or is stationary as in the 
inductor types. 

In the magneto the transforming device is also rotat- 
ing during the time of discharge, and the high-tension 
winding with its many turns is capable of acting as a 
generator. It is a well-known fact that very much less 
voltage is required to maintain a current than is re- 
quired to establish it across a gap in air. The oscillo- 
grams in Figs. 3, 4 and 5 on pages 539 and 540 have given 
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spark, this flame really being due to the prolonged dura- 
tion of the generator current. The initial value of the 
magneto current at the high speeds is usually larger 
than the initial value of the battery current in commer- 
cial systems. If the high initial value and high value of 
the flame current for the records on the upper side of the 
zero line in Fig. 8 are of any value, there must be a cor- 
responding disadvantage due to the small current and 
small initial value on the lower side of the zero line. As 
a matter of fact, the magneto would undoubtedly oper- 
ate an engine satisfactorily with the sparks of the differ- 
ent polarity differing as much as shown in the oscillo- 
graph. In watching these unbalanced sparks at high 
speed it has been very interesting to see the strong spark 
shift from one polarity to the other at times. The weak- 
ness of the spark of one polarity is due entirely to the 
excessive current strength of the preceding spark. We 
see that the current drops abruptly at the end of the 
spark. This is because the primary contacts of the mag- 
neto close again, and the secondary ampere-turns are 
transferred to the primary circuit as providing the easi- 





some indications of the difference. 


At the higher speeds 
enough voltage is generated in the secondary winding of 


the armature to cause a current to flow between the 
spark-plug electrodes after the initial spark has once 
broken down the initial higher resistance. 


MAGNETO SPEEDS AND SPARK POLARITY 


Fig. 8 shows the same magneto as that in Fig. 7 on 
page 541, being operated at speeds corresponding to 2400 
and 2670 r.p.m. of a six-cylinder engine. The record shows 
an initial triangular discharge such as occurred at the 
lower speeds and, added to this, a generator current which 
causes the current increase to a higher value than that 
due to the initial discharge. At more moderate speeds the 
sparks of both polarities were identical, but at the high 
speeds of this particular test it was very noticeable that 
the sparks of one polarity are very much stronger than 
those of the other polarity. This record was taken when 
discharging across a very long gap, 4 in. in air. The 
long gap would have a tendency to hold down the gener- 
ator current to a much greater extent than would the 
short gap between the spark-plug electrodes. Attention 
is called to these conditions for the reason that much has 
been said of the advantage of the flame of the magneto 


est path. This results in a large current in the primary 
that must be brought to zero before a current can be 
built up in a reverse direction for the next spark of the 
opposite polarity. The larger the current, the more dif- 
ficult this is, with the result that the current in the 
primary at the break is liable to become very weak if the 
spark immediately preceding is a very strong one. Since 
the second spark is weak, there is no current condition 
to prevent the third spark from being again as strong 
as the first. Having a magneto discharge across a ro- 
tating gap will eliminate the ionizing effect of one spark 
upon the gas through which the succeeding spark must 
jump, but will not eliminate the unbalance already dis- 
cussed. This phenomenon has been observed with prac- 
tically all makes of magneto employing the shuttle-type 
armature. I do not wish to imply that these conditions 
represent a fatal disadvantage in any high-tension mag- 
neto. They are brought to attention as an interesting 
difficulty with which the magneto designer must con- 
tend, and to show that the so-called flame of the high- 
tension magneto is not necessarily a great advantage. 
Under conditions that can easily occur in the engine, it 
may cause a weakening of a part of the sparks to 
a point where their igniting value is less than that 
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available from ordinary commercial battery systems. 

As all of the oscillograms have shown, the spark dura- 
tion of the high-tension magneto may be very much 
greater than that of the battery system, due to the gen- 
erator action of the secondary windings at the higher 
speeds. This flame has been claimed to be of great im- 
portance in ignition. A great number of comparative 
tests have been carried out in the presence of engineers 
with whom I have been associated, and in no case has 
any difference been found in the power with battery igni- 
tion and with magneto ignition. Furthermore, in no case 
has it been found necessary to provide any greater ad- 
vance with the battery ignition than with magneto igni- 
tion. Since this is so, it seems obvious that the ignition 
is accomplished by the very first part of the spark dis- 
charge. This is just what we would expect from an 
analysis of the probable conditions. The spark jumps 
across the gap between the electrodes through a small 
volume of the mixture the diameter of which is from 
0.015 to 0.030 in., depending upon the gap between the 
spark-plug electrodes. When this mixture has once ig- 
nited, we have flame prepagation from this small volume 
in all directions. Any follow-up flame must pass through 
burnt gases and, since the heat energy of the spark is 
very small compared with that of combustion, no effect 
from the current wave will appear in the power. 

EFFECTS ON ENGINE POWER 

The real answer to the power question can be found 
in the fact that in the last six or seven years many high- 
grade cars have changed from magneto to battery igni- 
tion. These changes were all made after careful tests by 
engineers who had a reputation to maintain and who 
were employed by companies that would sacrifice no frac- 
tion of performance to make a small saving in the pur- 
chase cost of the equipment. As a matter of fact, in 
many cases the battery-ignition equipment has been as 
expensive as the magneto equipment it has displaced. 
The fact that these changes have been made can be taken 
as evidence that there is no loss in power in an engine 
when using battery ignition as compared to magneto 
ignition. 

Figs. 9 and 10 show the results of two comparative 
tests made on the same engine with battery and with 
magneto ignition. The magneto ignition was set for 
25 deg. of spark-advance as the best position for flight. 
The battery ignition was tested at 20 deg., giving slightly 
increased power output up to 1900 r.p.m. and less at 
higher speeds. When the battery ignition was advanced 
to 221% deg., there was a very slight loss of power at the 
lower speed and the point where the power curves crossed 
was raised to 2100 r.p.m. If the battery ignition had 
been advanced further to the same position as that of the 
magneto, the results undoubtedly would have been iden- 
tical for the two ignitions. The tests were made by a 
neutral observer under exactly the same conditions; even 
the spark-plugs were the same. The tests were made on 
the same day, less than 2 hr. apart; the barometer read- 
ings were the same. 

If there were any advantage in magneto ignition, it 
might be expected to be evidenced in the comparatively 
large airplane-engine, especially in view of the fact that 
it is believed by many that the velocity of turbulence in 
the mixture may be greater than the velocity of flame 
propagation. If this were really true, an unignited mix- 
ture would be drawn past the spark-plug across which 
the long drawn-out flame is passing, with the result that 
the time of combustion would be cut down. The tests on 
the engine given above and other tests on larger engines 
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prove that this does not occur, at least to an extent af- 
fecting power. The net results of all of the comparative 
tests is to prove that all we can do with an ignition sys- 


tem is to ignite the mixture. The mixture must furnish 
the power. 


BATTERY AND MAGNETO IGNITION COMPARED 


The magneto displaced the ordinary battery-ignition 
systems on the early automobiles because the magnetos 
were capable of more reliable operation than the types of 
battery system then available, and because there was at 
that time no means for keeping batteries charged. For 
the last six or seven years there has been a very strong 
tendency in the reverse direction, due principally to the 
reasons which will now be enumerated. It is possible to 
get a much stronger spark at very low speeds with bat- 
tery-ignition systems than can be obtained with com- 
mercial magnetos. Since the spark strength depends 
simply upon the current at the break and the design of 
the coil, the spark is at all times under the complete con- 
trol of the designer. Experiments have shown that a 
strong spark is needed usually in starting and in the 
lower-speed running conditions, especially when the en- 
gine is still cold, rather than at high speeds. The bat- 
tery ignition can meet this condition much more easily 
than can the magneto. 

There are no limitations upon the range of advance 
which is possible with battery ignition, as is the case 
with most designs of magneto. This makes it possible 
to have a considerable retard available for low speed, idle 
running and,tuning purposes, and yet have the advance 
necessary to take care of the highest speed. The amount 
of advance necessary is governed principally by the 
spark-plug location and the dimension of the combustion- 
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chamber, and is affected to a lesser extent by the com- 
pression and the quality of mixture. There are many 
engines giving satisfactory service today with battery 
ignition to which the ordinary magneto could not be ap- 
plied with sufficient advance for high speeds without 
making it necessary to crank with a very considerable 
advance and with unsatisfactory effects upon low-speed 
operation. In some of his recent discussions before the 
Society C. F. Kettering has called attention to some of 
the work that has been carried out in connection with 
fuel knock and indicated that we can hope to have this 
eliminated. If this is done, there is a possibility of a 
demand for somewhat greater advance than is now used. 

The moving parts of the battery system are very light 
and the total amount of torque variation required to drive 
them is exceedingly small in quantity whatever the varia- 
tion in percentage may be. As a result of this it is very 
easy to apply the automatic advance to the battery type 
of ignition. This has not yet been done, at least on a 
very large scale, on magnetos as applied to passenger 
cars. It has been found possible to attach automatic ad- 
vance to engines in such a satisfactory way that the en- 
gine performance is better not only during ordinary 
driving but during acceleration, without touching the 
spark control, than can be obtained by a skilled driver 
manipulating the spark with a system not provided with 
automatic advance. The satisfaction that this perform- 
ance has given the user has undoubtedly been largely 
effective in the reintroduction of battery ignition. 

Attention has been called to the lighter moving parts 
of the battery-ignition system. This has proved particu- 
larly advantageous for installations on very high-duty 
engines where the materials used are highly stressed; for 
example, on airplane engines. The crankshafts of these 
engines are stressed to a much greater degree than are 
the crankshafts of ordinary engines. The result is that 
considerable torsional vibration exists at the end of the 
crankshaft opposite the propeller, which serves as a fly- 
wheel. In geared-down engines the crankshaft can oscil- 
late through an angle corresponding to the gear clear- 
ances without being retarded by any flywheel effect ex- 
cept its own inertia. We have made tests on a standard 
Liberty 12-cylinder engine which showed that the verti- 
cal shaft driving the generator oscillates 614 deg. under 
full load, on either side of the position during the rota- 
tion. As there is some gear clearance between this shaft 
and the crankshaft it does not follow that the crankshaft 
oscillates about 40 deg. at this end, but there is an appre- 
ciable oscillation. The magnetos on airplané engines are 
usually mounted opposite the propeller, under the point 
where this torsional vibration is greatest. It is very 
probable that the large amount of magneto trouble met 
with on airplane engines is due to this oscillation. The 
very light moving parts of the battery ignition are not in 
any way affected by this condition. 

In the battery-ignition systems ample space is avail- 
able for proper insulation at all of the vital points. This 
makes it possible to use very high factors of safety. The 
result is that, in a system of proper design and construc- 
tion, there is much less possibility of insulation trouble 
than with the magneto. In fact, most battery-ignition 
systems are designed to be used without a safety-gap. 
This is only possible because of the greater factor of 
safety in the design of the insulation. The winding space 
available in a high-tension magneto is very restricted, 
making it necessary to use a much smaller leakage length 
between the end of the winding and the end of the coil 
than is necessary or usual in battery ignition. The re- 
duced insulation strength makes a safety-gap necessary, 
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which is undesirable from the operation standpoint. 
Without a safety-gap it is possible for an ignition sys- 
tem to operate even “if the spark-plug electrodes are 
greater than normal, due to warping of the electrodes. The 
voltage required to jump the gap when oil has just been 
splashed on the spark-plugs is greater than normal. The 
film of oil on the spark-plug electrodes is a very good in- 
sulator and a spark-plug in this condition requires more 
voltage to jump the gap than when the plug is clean. 

Much has been said about the advantage of the follow- 
up flame in handling oily engines, the theory evidently 
being that this flame or are of the magneto will actually 
burn the carbon deposit from the spark-plug insulator. 
Some time ago we ran a careful comparative test between 
battery and magneto ignition to determine, if possible, 
if there is any such advantage. We put an extra gallon 
of oil in the crankcase of a small engine and ran 50 hr. 
at 1200 r.p.m. at light load so there would be plenty of 
suction to lift the oil above the pistons. The operation 
was entirely satisfactory throughout the run with bat- 
tery ignition. When we attempted to repeat the test 
under otherwise identical conditions, but using a magneto 
giving a strong flame at this speed, ignition failed in 
about 30 hr. due to the formation of a carbon bridge be- 
tween the electrodes of one of the spark-plugs. I feel 
convinced that the flame of the combustion of the mix- 
ture, which of course has very much more heat than any 
ignition device could possibly supply, is the flame which 
keeps the spark-plugs clean. The essential thing in an 
oily engine is to keep the engine hitting. In case missing 
occurs the spark-plugs begin to foul and the oil deposits 
have a chance to bake in place. The essential thing is 
to have a secondary-current wave with a very steep 
wave front and a sufficiently high initial flow of the cur- 
rent. The wave front of the battery system is equally 
as good as that of the magneto, and the initial value of 
the current is under the control of the designer and can 
be made whatever is necessary. The higher voltage 
available as the result of the absence of the safety-gap 
gives an advantage in favor of the battery ignition. The 
follow-up flame is a disadvantage in high-speed engines 
in that it eats away the spark-plug electrodes, requiring 
frequent adjustment of the spark-plug gap and more fre- 
quently renewal of the spark-plugs. Inasmuch as the 
flame does not assist ignition, its absence is an advan- 
tage in favor of battery ignition. I have been told by 
a man who has driven an English cyclecar that when 
the average engine speed is high, he has found it neces- 
sary to readjust the spark-plug gaps about every 800 
miles, on account of the eating away of the electrodes, 
and to renew the spark-plugs about every 4000 miles. 

A very important advantage of battery ignition is the 
ability to use tungsten contacts. These seem to require 
a fairly high circuit voltage to take care of the contact 
conditions. This makes their application to magnetos 
difficult when good low-speed and starting characteristics 
are essential, although the present commercial situation is 
compelling many magneto manufacturers to study the 
situation very carefully. The tungsten contact is much 
less subject to pitting than the platinum-iridium contact; 
furthermore, it has a very much longer life and requires 
less frequent adjustment than the platinum alloy. 

A well-designed battery-ignition system is much less 
sensitive to breaker adjustment than the ordinary mag- 
neto. Most magnetos drive the cam at engine or at 1%4 
engine speed, making necessary very gradual rises of 
the cam to prevent injurious effects on the breaker mech- 
anism at high speeds. The more gradual rise of the cam 
increases the effect upon the timing of relatively slight 
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changes in adjustment. Since it is necessary for the 
magneto to have the contacts open on the proper part of 
the current wave, the contact adjustment must be main- 
tained much more closely to the ideal setting than is nec- 
essary with the battery type of ignition. 

A very important advantage in battery-type ignition is 
the ease of inspection of the various elements due to their 
separation, making it possible in case of any doubt as to 
performance to determine just exactly what the ques- 
tionable element is and to repair or replace this if nec- 
essary. Under conditions where it is vitally important 
to be absolutely certain that the ignition system will 
function satisfactorily, where failure would be disas- 
trous, as during a speed contest of transatlantic flight, 
it is possible to make sure that every element is in a 
satisfactory condition. This has a further great ad- 
vantage to the user of the ordinary automobile installa- 
tion in that the cost of service is greatly decreased. Re- 
liability and ease of maintenance are the most vital fac- 
tors in the success of any system and the record of the 
high-grade battery-ignition systems which have appeared 
in the last few years compares more than favorably with 
the competing equipment. 

We do not claim any increase in power for the battery 
system as compared to the magneto system since, as al- 
ready stated, all the ignition can do is to ignite. It is, 
however, usually easier to install a battery system in 
such a way as to insure that the maximum power will 
be maintained. We have a record of satisfactory per- 
formances of battery ignition during speed contests, alti- 
tude and transatlantic flights, which proves conclusively 
that battery ignition will function and give satisfactory 
results under the most severe conditions of service. The 
position of battery ignition is exceedingly favorable when 
judged by the acid test of experience. 


Tuer Discussion 

E. L. CLARK:—Is there any advantage in the intensi- 
fiers sometimes used? 

J. H. HUNT:—There is an advantage under certain 
conditions. I believe it is better to remove special con- 
ditions than to use a special type of ignition. I have 
seen some tests in which, with a coil on the spark-plug, 
a very high frequency was used; the frequency was so 
high that one could permit the spark to jump through 
one’s fingers without feeling it. There was no difference 
in the engine performance under normal conditions. 
This ignition was being tried out on an engine in which 
there was a tendency for oil to get on the spark-plugs. 
An oily plug or one with a cracked porcelain would fire 
when ordinary ignition would fail. 

There is a certain advantage in putting an extra gap 
at the spark-plug. It seems to act as a kind of dam to 
hold back the current surge until it is strong enough to 
arc across. The benefit comes from the change of wave- 
front at the plug. The disadvantage is, however, that 
the gap wastes from 20 to 50 per cent of the total energy 
available for the spark. To pay for the improvement one 
may get when the engine is running, the result is an en- 
gine that is hard to start. Since the only advantage of 
such a device is under abnormal conditions, it seems best 
to eliminate these conditions. 

E. T. BIRDSALL:—Will Mr. Hunt explain the Philbrin 
system? It seems to have some advantages on racing 
cars. 

Mr. CLARK:—It consists of two systems, so that a 
change can be made from one to the other. One is the 
ordinary system used previously. 

Mr. HUNT:—It is hardly fair for me to attempt to dis- 


cuss the Philbrin system. 1 have seen it in operation and 
have never observed any sparks that I would wish to put 
my fingers on. It includes a vibrator giving a series of 
sparks. We formerly felt that this was an advantage, 
but gradually eliminated this type of construction. We 
understood that it was not of enough advantage. With 
a cold engine a series of sparks might be of some advan- 
tage. I believe the Franklin company has installed a 
device to secure this result on its car. 

FRED W. ANDREW :—Mr. Hunt stated that no magneto 
on the market has an automatic advance. The Holmes 
car is equipped with an automatic-advance magneto that 
has been on the market nearly six years. Regarding the 
trouble with the airplane drive, we used an 800 Splitdorf 
magneto. The real trouble was that it was connected too 
rigidly, and had nothing to do with the magneto. This 
was corrected by installing a modern flexible drive. The 
Rolls-Royce aeronautic engine had four magnetos but 
only two were necessary. Concerning the curves shown 
of the six-cylinder engine Mr. Hunt referred to, my opin- 
ion is that the magneto was not adjusted. To make a 
magneto suitable for high-speed work, the pole-shoe gap 
must be different. 

Mr. HUNT:—Mr. Andrew is right. It is possible to 
obviate some of the magneto limitations mentioned. In 
testing magnetos I have observed that when a spark of 
one polarity was stronger than that of the other, fre- 
quently the strong spark would shift from one polarity 
to the other while the magneto was running. I did not 
bring out this point of varying spark strength of differ- 
ent polarities to indicate that the magneto failed. The 
point is that if the weak spark that occurs at times of 
one polarity is enough, there can be no particular advan- 
tage in the strong spark of the other polarity. 

ROGER CHAUVEAU :—Concerning the unbalance of the 
magneto as shown, such a condition is apt to occur when 
a magneto is run in connection with the open spark-gap. 
It is still worse if the spark-gap is enclosed, in an air- 
pressure of 40 to 60 lb. per sq. in., as stationary air cuts 
down the resistance of the spark-gap. If that takes 
place in one, it will cause the unbalancing. That condi- 
tion cannot exist in an engine, because a fresh charge is 
introduced at each explosion and the gas between the elec- 
trodes of the spark-plug is changing for each spark. That 
prevents unbalancing from taking place. To make a cor- 
rect test, it should be made with a magneto on an engine 
that is running. I have often produced the same effect. 
We cannot overcome the spark-gap trouble in open air. 

Mr. HUNT:—I have tried to eliminate the effect by 
using a rotating gap. The tendency is reduced but not 
eliminated. Have you taken any oscillograms with a 
magneto connected with the engine? I raise this ques- 
tion because when the gas between the points is burning 
after ignition, it is in an ionized state and I cannot im- 
agine a better gap for the follow-up current to build up 
in than exists in the engine. 

Mr. ANDREW :—I think weak sparks in a magneto are 
unnecessary. A magneto should not be shipped out in 
that condition. It is easy to correct when one knows 
how. Will Mr. Hunt say something about the amount 
of spark heat required to fire a gas engine? Does he 
think there are cases when a battery should be used and 
when a magneto should be used? 

Mr. HUNT:—I think there is room for both devices. It 
has been demonstrated that battery ignition is excellently 
adapted to a wide range of service. If, however, the 
battery is not going to be taken care of or it cannot be 
mounted in a proper manner, naturally battery ignition 
will not be entirely satisfactory. I suspect that such con- 
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ditions exist on tractors. Many tractors are left stand- 
ing for months without giving the battery attention. It 
is likely that magnetos will be used on tractors for some 
time. 

We were somewhat surprised when we were asked to 
undertake the ignition for the Liberty engine. We had 
assumed that the magneto would be considered prefer- 
able by the airplane engine designers. However, when 
we learned exactly what the requirements were, we found 
that there were many advantages in battery ignition. It 
was possible to construct a battery installation that was 
lighter than that of the magneto then available, and 
skilled mechanics and trained men obviated questions of 
battery maintenance. This is not necessarily true of all 
airplane engines for every condition of service. The re- 
port of the French Technical Committee, which was made 
after official government tests, was favorable to battery 
ignition for airplane engines of large power. 

In regard to the energy required I have no figures 
available, but I am sure that an engine can be run and 
maximum power obtained with less than 1/100 of a joule. 
An exceedingly small amount of energy is required after 
the engine is warmed up and running. It is preferable 
to have more energy available when starting, possibly 
as much as 5/100 of a joule which, of course, is possible 
with battery ignition. 

Mr. ANDREW :—We are working along those lines. I 
am talking of commercial conditions. We are too apt to 
consider a gas engine in perfect condition. Ignition 
that will operate perfectly well normally may be useless 
at extreme temperatures such as occur in truck engines 
on hot days or when starting cold in winter. There are 
certain battery and magneto-ignition systems that will 
not operate properly under these conditions. For that 
reason I say that we must not judge ignition by labor- 
atory tests. Pistons frequently fit poorly, the valves do 
not seat and the carbureter is adjusted badly. All that 
must be taken into consideration. Mr. Hunt has said 
that the spark heat can be changed. It can, but at 
greater cost. If there is any indicated place for battery 
ignition, it is on the low-priced cars. 

Mr. HUNT:—Many cars having battery ignition are 
hardly in the low-priced class. 

H. L. HORNING:—What experience has Mr. Hunt had 
with battery ignition having direct cam action, or a 
kick-off similar to that in the Atwater-Kent system? 

Mr. HUNT:—I take it Mr. Horning refers to the in- 
terval of time involved by the contacts being pressed to- 
gether by cam action, as compared with the type in which 
a trigger is released? There is no doubt a lag in the lat- 
ter. We have had two different types of breaker mech- 
anism. In the earlier type the cam forced the contacts 
together and a spring opened them. There was a lag. 
We have every reason to believe there is no lag in our 
present type of ignition. 

The duration of contact made by the trigger type has 
a bearing on the lag of the spark after the cam gets to 
the position where the spark occurs. To give the same 
joule-energy consumption per spark at low speeds as at 
high, the dwell at low speeds has had to be limited and 
a fast coil used. It was desirable to put on an auto- 
matic advance to take care of the time after the cam 
got to the point of releasing the hammer. 

A MEMBER:—The lag is variable in degree with the 
speed of the engine; constant in time, variable in degree. 
In other words, the actual period varies the wrong way 
in comparison with the engine speed. That is true with 
all of those mechanical breaking mechanisms. The non- 
positive contact breaker is an accepted design, is it not? 


Mr. HUNT:—I do not wish to commit myself in re- 
gard to that. 

C. E. WILSON :—Was a three-point gap used in test- 
ing the ignition system under discussion? If a two- 
point gap is used, it is difficult to get consistent results. 
We have eliminated our testing troubles by using a three- 
point gap. 

With reference to the heat of the spark, a number of 
tests have been made in the Remy laboratories to deter- 
mine what value is really required and, while we have 
not reached a final conclusion, we have found that the 
heat of the spark is of importance only in cold-weather 
starting. With the hot spark we found the time of 
starting was shortened materially. The figure of 50 
millijoules mentioned, if obtained at a very low speed, 
should give very satisfactory results. We have been pay- 
ing special attention to several cars that have ignition 
with only 25 millijoules and apparently there has been 
no difficulty in starting. 

My personal opinion regarding battery and magneto- 
ignition systems is that we really get the same kind of 
effective spark; that is, during the first fraction of a 
thousandth of a second, we get the same kind of a spark 
from each. The problem then becomes one of els he 
out the best commercial way to supply energy to a high- 
tension coil, whether by putting that on an armature in 
a magneto, by generating the energy in the magneto, or 
by using a battery having the ordinary breaker mechan- 
ism. I would not recommend installing a generator, a 
battery, and the ordinary type of battery ignition on pas- 
senger cars, if it were not that the battery is required 
also for the purpose of starting and lighting. 

A MEMBER:—What is the effect of having too much 
condenser capacity? Is there any advantage in having 
larger condenser capacity? 

Mr. HUNT:—The condenser determines the voltage of 
the oscillation and the frequency. If too much condenser 
is put on, the period of oscillation is slowed down. This 
is an advantage in eliminating a contact spark but, if 
the peak is not high enough, the effect is unsatisfactory. 

We are able to use a type of contact with battery igni- 
tion that has not been used in very great quantities on 
magnetos. This is said to be satisfactory. The battery- 
ignition system was the first to use the tungsten contact, 
and tungsten is a material of which we have a large sup- 
ply. The difficulty on the magneto seems to be a film 
which the current cannot cross without a certain mini- 
mum voltage. If there is such a film, there will be 
trouble in starting, although tungsten has been developed 
that will work better and perhaps eliminate this disad- 
vantage. 

Mr. ANDREW :—I am familiar with both sides of this 
subject of contacts. Tungsten is a base metal volatile at 
300 deg. cent. (572 deg. fahr.). It can be volatilized 
with a match. The oxides come off in two forms. One 
is a bioxide, a gray powder that is a partial conductor of 
electricity. As soon as we get a trioxide, this is almost 
a non-conductor. Those who have used battery ignition 
in the past have had to clean out the space between the 
contacts. Regarding the so-called improved tungsten, it 
is on test; we have analyzed it and it appears to be more 
than 99 per cent tungsten. The chemists do not seem 
able to find out what composes the other 1 per cent. It 
seems to work better than straight tungsten. Several 
magneto companies are using contact points of this kind 
successfully. On the higher-grade magnetos we are still 
using 20 per cent platinum-iridium. 

Mr. HUNT:—The reason we used tungsten at first was 
because we found that we were not getting the life we 
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wanted with the platinum contacts. Due to the develop- 
ment of methods of production and to competition, it is 
possible today to get tungsten cheaper; but at the time 
we made the change we paid the same for each and put 
on the tungsten contacts because they were better. 

A MEMBER:—It has been made apparent that the bat- 
tery-ignition system has advantages in the multi-cylinder 
engine. Has it the same advantages in a good four- 
cylinder engine? 

Mr. HUNT:—The advantages that I claim had to do 
with the ease-of application to the multi-cylinder engine 
and the saving in weight. They would not apply to the 
same extent to the four-cylinder engine, because the sav- 
ing in weight in pounds is not so great. The saving in 
weight in percentage is about the same. That does not 
mean that it would not be possible to put a four-cylinder 
engine system on an airplane, and I would not concede 
any advantage to the magneto on the four-cylinder en- 
gine so far as performance is concerned. Many compa- 
nies that used magneto ignition changed to battery 
ignition. 

With reference to what causes the weakening of the 
magneto sparks of one polarity, we have made a test of a 
standard magneto. Fig. 11 shows the oscillation of a prim- 
ary and secondary current of this magneto when discharg- 
ing across an ordinary spark-plug gap at 900 r.p.m. of the 
engine. The spark-plug was under 90 lb. per sq. in. 
air pressure. There is already at this speed an indication 





*See THE JouRNAL for September, 1920, p. 287. 


of a considerable difference in spark strength. Fig. 12 
shows the same magneto running at 1600 r.p.m. The 
sparks of one polarity are very weak and some of them 
are practically suppressed, while the sparks of the other 
polarity are very strong. The difference in the spark 
strength as shown by the oscillogram is obviously due to 
the difference in the primary current at the instant of 
break. For the strong spark we see a very large current 
reestablished in the primary at the closing of the breaker 
contacts, and this current must be reversed before a cur- 
rent can be established for the spark of the other polar- 
ity. After a very weak spark, the primary current in the 
same direction as the spark is very small. This particu- 
lar magneto was one which was giving very satisfactory 
performance on a tractor, and doubtless the makers did 
not consider it necessary to take steps to prevent the ap- 
pearance of this phenomenon at speeds that are very 
usual in motor-car work. The phenomenon is, however, 
identical with that which tends to appear at very high 
speeds with magnetos having the same arrangement of 
electric and magnetic circuits. 

In the discussion of a paper entitled Advantages of 
Magneto Ignition by A. D. T. Libby some reference’ was 
made to records which have been made with magneto- 
equipped engines. Mr. Libby did not give all of the 
records which were available at the time of his paper 
and others have been made since which seem pertinent 
to the present discussion. 

The NC-4 machine which completed the first transat- 
lantic flight was equipped with the standard battery igni- 
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tion used on the Liberty engine. Major Schroeder made 
his altitude record in an airplane equipped with a stand- 
ard battery-type ignition. This altitude record has not 
yet been surpassed and was 33,000 ft., according to the 
Bureau of Standards’ calibration of Major Schroeder’s in- 
struments. In April, 1920, Murphy took the world’s 
record for a 300-cu. in. engine for distances up to 5 miles 
at Daytona Beach, making a speed of 122.78 m.p.h. for 
the 1% mile and 120.69 m.p.h. for the 5 miles. Later in 
the same month Milton broke all straightaway records 
for 5 miles with a 600-cu. in. engined car, making 155.57 
m.p.h. for the % mile and 149.95 m.p.h. for the 5 miles. 

Cars equipped with battery ignition made excellent 


speedway records during the summer of 1920. At In- 
dianapolis, seven of the first 10 cars were equipped with 
battery ignition, including the winner. Garfield Wood 
won the Harmsworth trophy with a machine equipped 
with Liberty engines having battery ignition. The 24-hr. 
speedway record was won by a car equipped with battery 
ignition and so was the transcontinental record. 

The ignition performance implied in the above results 
obtained with engines equipped with battery ignition 
should answer any question as to the ability of this type 
of ignition to meet the most exacting and varied require- 
ments. The real test is of course in the service attained 
by the user. 





FORMS OF ATTACK IN COASTAL’WAR 


HAT will be the most popular form of attack in 

the early stages of a coastal war of the future? 
Navies still have very fast battle cruisers, plane-carrying 
craft, submarines, battleships with guns that can fire about 
25 miles, large seaplanes and great fleets of destroyers, 
submarine chasers, etc., that can cross the ocean. They have 
also airships that can be folded up into bundles smaller than 
the fuselage of an airplane, and can be inflated upon arrival 
at a destination and can be supplied and repaired on the 
deck of a steamer or battleship, or submarine for that mat- 
ter. In addition we shall see an accompanying fleet of rigid 
and semi-rigid airships. Helium producing gas wells are 
common now and the lighter-than-air craft of “to-morrow” 
is not a traveling charge of explosive. This non-burning 
gas will probably float a very large majority of the airships 
which will be built in the future. 

It will be necessary to have near every important harbor 
an air-service establishment with various types of aircraft 
kept ready for call at all times. There should be recon- 
naissance planes, chasse planes, day bombers, airships and 
seaplanes. A properly equipped station should be able to 
patrol the coast 100 miles each way and to send out craft at 
least 200 miles to sea. This service in good weather will 
eliminate surprise even by submarine cruisers. In addition 
to airplanes and airships there should be local companies to 
operate captive balloons and what were known as barrage 
balloons. The captive balloon is very reliable. Observers 


in it can command vast stretches of water. The captive 
balloons can control not only the fire of minor-caliber guns 
but be used to patrol for friendly and hostile mines. They 
were used for these, while being towed by tugs, in the harbors 
of the British Channel. They were of value also in hunting 
down submarines in the harbors and shore waters before the 
small airship became efficient. 

Barrage balloons were used at night to suspend wire en- 
tanglements over important objectives. They were so sub- 
ject to attack by airplane that it was impossible to maintain 
them in the daytime. Essen was protected by barrage bal- 
loons long before the Allies used them in London and Paris. 
Wires have.a great moral effect at night. They did not-cap- 
ture many planes during the war and were as hard on their 
friends as on their enemies, but nevertheless they will be 
used to protect coast defenses against low. bombing and 
reconnaissance planes. 

An airship can raise and lower .. ‘elf without the use of 
its engines. So for spying out a fleet that is using a fog or 
smoke to hide in, it is very efficient. It can stand by for 
hours, and perform better at night than in the daytime due 
to the constant temperature of the air. The airship will be 
excellent for patrolling friendly mine fields and for destroy- 
ing hostile ones. Airships and airplanes can supply in part 
the detached pickets of a coast guard. They will undoubt- 
edly help to reduce the size of coast guards on land.—Col. 
James Prentice in Journal U.S. Artillery. 





HE Army in its truest expression is at least in some of its 

aspects the highest possible development of a democratic 
society. It represents law, obedience to law, discipline by the 
observance of law, complete coordination of function and the 
very highest efficiency in action of any group that we have 
These are the qualities which make for success in all soci- 
eties. If a number of us were cast upon Robinson Crusoe’s 
Island and there was no government there of any sort, and 
we were undertaking to organize a government of our own, 
we should try to get into it at the very outset those quali- 
ties which I have mentioned, because our experience as civ- 


THE ARMY 


ilized men has taught us how essential, how basal they are 
to any efficiency in governmental organization. The Army 
has them all. It also has certain defects inherent in the 
system. Everything has the defects of its quality, and the 
tendency of such an aggregation of qualities in a society is 
to make it inelastic, to make it conservative beyond measure, 
to make it resent change, to make it slow to grow. But these 
qualities themselves, quite apart from their defects, which 
have just been mentioned, are fundamental and basic in 
social organizations, irrespective of their character and loca- 
tion.—Secretary of War Baker. 





ANALYSIS OF WING TRUSS STRESSES 


EPORT No. 92 which was recently issued by the National 

Advisory Committee for Aeronautics is concerned with 
the analysis of the effect of redundancies and particularly 
of the external drag and stagger wires. The stresses in a 
typical training machine have been worked out for several 
conditions of flight, the method of least work having been 
applied, as an illustrative case. The chief conclusions reached 
are that the use of more than one external drag wire on each 
side is wasteful and undesirable, the effect of the stagger 


Wires in speed diving is important and serves to reduce 
greatly the load in the lift trusses and the advantages in 
reduction and uniformity of stresses to be gained from the 
tensiometer in practical rigging are great enough to justify 
the general introduction of that instrument. In particular 
the stress wires are usually set up much too tightly. 

A copy of this report can be obtained upon request from 


the National Advisory Committee for Aeronautics, Wash- 
ington. 
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Automotive Radiators 


By Karu F. WaLKrEr' 


system are known to all engineers, but the im- 
portance and correct functioning of the various 
units of such a system are more or less vague to many. 
During the war the Bureau of Standards obtained con- 
siderable information on aeronautic radiators, but only 


['s essential elements of an automatic cooling 





Fic. 1—HELICAL-FIN TYPE OF RADIATOR CORE 


a relatively small amount of information is obtainable 
on cooling systems for various other commercial uses. 
When the spark ignites the gasoline vapor in the cyl- 
inder of an internal-combustion engine, the tempera- 
ture may rise to about 2800 deg. fahr. and, in another 
moment, at the end of the intake stroke, the temperature 
may be only 300 deg. fahr. The mean temperature of 
the cycle will range from about 900 to 1000 deg. fahr. 
The effect of these temperatures on cast iron or steel, 
expansion, preignition, lubrication and the like, neces- 
sitates a means of cooling for which water has been 
found most satisfactory. 

For such a cooling system the essential elements are 
a radiator, cooling fan, water-jackets and a means of 
water circulation. The factors controlling the heat flow 
to the water-jackets are the size and shape of the com- 
bustion-chamber, the thickness of the cylinder walls, the 
mean effective pressure of the engine, its cycle, speed and 
thermal efficiency. Proper circulation through the water- 
jackets in a pump circulating system is more important 
than the quantity of water contained therein, since lack 
of circulation in any one part of the jacket will cause over- 
heating. 

Raptator Core CONSTRUCTION 


After due consideration is given the water-jacket de- 
sign, the next important unit is the radiator. The radi- 
ator is a misnamed unit. If the heat dissipated by it were 
largely due to radiation, the radiator core should be 
painted with lamp black to increase heat dissipation. 
Most of the heat dissipated by a radiator is by convec- 
tion. 

Radiators can be divided into two classes, dependent 
upon their direct or indirect cooling areas. The first class 
covers cores in which practically 100 per cent of the cool- 
ing surface has flowing water on one side of the metal 
and air on the other. The second class may have stag- 
nant water on one side of the metal and air on the other 
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Illustrated with PHoroGRAPHS AND CHARTS 
or, it may have fins connected to the direct cooling sur- 
face with air on both sides of each fin. The amount of 
direct and indirect cooling surface varies greatly in dif- 
ferent types of radiator. Sometimes as little as 13 per 
cent of the total cooling surface is direct cooling surface 
and again it is as high as 100 per cent. Usually direct- 
cooling radiators have a straight cooling surface from 
front to back of the core, thus allowing a larger quantity 
of air to pass through than on similar types of radiator 
having indirect cooling surfaces. The latter generally 
contain perforations or some other means for cutting up 
the air. As heat dissipation is in direct proportion to the 
velocity of air passing through the radiator, it would 
appear that direct-cooling radiators would be the most 
efficient. This is not necessarily true, however, as the 
perforations in the indirect-cooling core cause increased 
turbulence of the air, which in turn increases heat dissi- 
pation. Too much turbulence may be overbalanced by the 
reduction in air flow. The proper amount of turbulence 
of the air is governed by the use to which the engine 
is put. Indirect cooling surface should be made of metal 
the thermal conductivity of which is high, and should 
have a good thermal contact with the direct cooling sur+ 
face. The value of -indirect-cooling surface is limited, 
since the farther it is from the water channel the less effi- 
cient the indirect-cooling area becomes. 

There are numerous types of radiator core on the mar- 
ket today, which vary in design, appearance and perform- 
ance. There is the fin-and-tube type, in which the water 
runs through copper tubing, usually wound spirally with 
metal fins as in Fig. 1, or provided with horizontal fins as 
in Fig. 2. There are various types of ribbon core through 
which the water flows in a narrow water channel formed 
between two ribbons which are made of metal usually 
about 0.005 in. thick. An example of this form of con- 
struction is shown in Fig. 3 on page 550. A single-tube 
type also is made, in which case the tubes are placed 
parallel to the air flow, the water flowing around the out- 
side diameter of the tubes. (See Fig. 4 on page 550.) 

The width of the water channels varies in different 
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Fic. 3—A RADIATOR CORE OF THE RIBBON TYPE 


makes of core of the ribbon and single-tube type illus- 
trated in Figs. 3 and 4, from 0.0280 to 0.0925 in., the aver- 
age width of some 30 styles being 0.0666 in. The narrower 
the water passages are, the more turbulent the water flow 
will be and the more heat the radiator will dissipate. If 
the channel is too narrow, however, the water circulation 
through the core will be reduced until the heat dissipa- 
tion actually decreases. Narrow water passages soon be- 
come clogged with sediment that accumulates in the sys- 
tem, and the water circulation is either greatly reduced 
or stopped. In such cases the water will back up in the 
top tank and run out of the overflow, due to the fact that 
the radiator will not be able to handle the amount which 
the pump is discharging. 

Another important factor in radiator design is the size 
of the inlet’and outlet fittings. In many cases these are 
made too small, resulting in low circulation through the 
radiator. Poor circulation is not always the fault of the 
core, but may be due to the small fittings which are speci- 
fied by the automobile manufacturer. It is impossible 
to pass a large volume of water through radiators with 
small outlets on account of the small amount of pressure 
head. Table 1 gives the satisfactory sizes of the fittings 
for engines of different horsepower. 

The percentage of free area through which the air 
passes varies on the common types of radiator from 52 
to 88 per cent of the frontal area of the core, the aver- 
age being about 72 per cent. The water tanks at the 
top and bottom of the core are usually made of brass of 
18 or 20 B. & S. gage. 


TABLE 1—SIZE OF INLET AND OUTLET FITTINGS; PUMP 
CIRCULATION SYSTEMS’ 


Engine Power, b. hp. 


Passenger Trucks and 

Cars Tractors Inside Diameter, in. 
re ee eee 1 
en: <2 hee ne 1% 
oesdeoses Up to 30 1 
sccseusus 30 to 40 1% 
bse Sees 40 to 60 1% 


*Thermosyphon systems should use fittings of about 
twice the area of those herein stated. 


: December, 1920 
550 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


The amount of heat lost to the water in the jackets 
varies on different types of engine. The greatest amount 
of heat, about 40 per cent, is dissipated to the water- 
jackets on a T-head engine; and the least, about 25 per 
cent, on a Knight type. The amount of heat dissipated to 
the water-jackets may vary as much as 15 per cent for 
the same engine, according to the speed and power de- 
veloped. The percentage of heat lost to the jackets is 
the least at speeds around maximum horsepower. At 
lower speeds the percentage may increase. Water-jacket 
losses also vary according to the temperature of the 
water. The higher the water temperature is, the less the 
water-jacket loss and the mechanical losses become. The 
mechanical efficiency of the engine may vary as much as 


‘5 per cent, according to the temperature of the water in 


the jackets. 
Types or CooLinGc SYSTEMS 

Some authorities claim that at least 0.3 gal. of water 
per min. per b.hp. should be circulated through the core; 
others advocate as high as 0.8. The Bureau of Stand- 
ards states that at least 2 gal. per min. per ft. of width 
per in. of depth of core should be circulated. Water cir- 
culation should be figured from the amount of heat to be 
dissipated so that the temperature drop through the 
radiator is not over 15 deg. fahr. 

Fig. 5 shows the effect of water flow on a typical 3-in. 
core. For this particular core, 30 per cent more heat is 
dissipated by circulating the water at the rate of 15 than 
at 74% gal. per min., indicating that at the latter rate of 
circulation through the core a 30 per cent larger radiator 
would be necessary. The greater the flow of water is, 
the higher the mean temperature of the water entering 
and leaving the core will be. Heat transfer is directly 
proportional to the difference between the mean tempera- 
ture of the water and the atmospheric temperature. 
Hence, the higher the mean temperature of the water is, 
the greater the temperature difference between the mean 





Fic. 4—THE SINGLE-TuUBE TYPE OF RADIATOR CORE 


temperature and the temperature of the outside air will 
be. As a result, the heat dissipation will be greater. 
Radiators should be designed so that they will handle as 
much water as the pump can deliver; otherwise water 
will build up in the top tank and run out of the overflow. 
The average water capacity of some 20 radiator cores 
made by different manufacturers is 0.00705 lb. of water 
per cu. in. of core volume. 

The thermosyphon cooling system is used principally on 
small four-cylinder passenger cars and on trucks of ca- 
pacity not greater than 114 tons. Table 2 sets forth 
the number of users of thermosyphon as against pump 
systems on various sized engines. This list is compiled 
from statistics secured from some of the best-known 
motor-vehicle builders of today. 

To obtain the most satisfactory results in using a 
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thermosyphon system, the radiator should be located rela- 
tively high in relation to the engine. The flow through 
the radiator and water-jacket should be as free as pos- 
sible, and the complete system including the radiator 


TABLE 2.—THERMOSYPHON COMPARED WITH PUMP- 
SYSTEM USERS 
Size of Vehicle 








4 ‘ 
Passenger Cars, 


Number of Users 





Number of Trucks, — —, 
Cylinders Capacity,tons Thermosyphon Pump 
CéVicdreson 30 15 
o -" peeeetn den 10 66 
— OOD 2 12 
Sp PN 0 5 
= Up to 1% 54 25 
1% to 2% 51 132 


2% and over 5 208 





should contain, for the same size of engine, about 1 gal. 
more of water than a pump system. This is one reason 
there is an extension tank on the back of the top tank, 
on radiators to be used in the thermosyphon system. An- 
other important function of the extension tank is to keep 
a large volume of water above the radiator inlet. If 
the water level should fall below this inlet, due to evapo- 
ration or boiling, the water circulation would be greatly 
reduced or completely stopped. Larger inlet and outlet 
fittings are necessary to assure free water flow. About 
25 per cent more radiating surface is ordinarily used 
in a thermosyphon system than is required in the pump 
circulating system of the same size, due to the low water 
circulation. 

The possibility of mechanical difficulties with the 
thermosyphon system is reduced because of its simplic- 
ity. Engines cooled by this system warm up more quickly 
than those using the pump system and, in cold weather, 
the radiator is less apt to freeze after the engine has 
stopped. This is because the water continues to circu- 
late through the system until it has cooled down. There 
is, however, the possibility that in cold weather the radi- 
ator will freeze while the car is running, on account of 
the slow circulation of water through the radiator. There 
is also a probability of boiling in sustained driving with 
wide-open throttle in warm weather. Another disadvan- 
tage is the large temperature variation between the top 
and bottom of the water-jacket, a distance of only 5 to 7 
in., this being often as much as 80 to 100 deg. fahr. 


Arr VELOCITY 
One of the most important factors affecting radiator 
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Fic. 5—EFrect oF WaTER FLOW ON THE HEAT DISSIPATING CAPACITY 
OF A TYPICAL 3-IN. RapDIATOR CORE 





AUTOMOTIVE RADIATORS : eT 


performance is the air velocity through the core. As this 
is increased, the heat dissipation also increases and, as 
dissipation increases, a smaller radiator can be used to 
dissipate the same amount of heat; hence, the cost and 
weight of the radiator decreases as the air velocity in- 
creases. Heat dissipation is generally directly propor- 
tional to air velocity through the core for direct-cooling 
surfaces, but for indirect-cooling surfaces the dissipa- 
tion does not increase as rapidly as the air velocity. If 
the heat dissipation for a certain air velocity through 
the core is known, the heat dissipation at any other air 
velocity can be found from the following equation: 
H=h (V,= V,)°, 
where 
h = the heat dissipation at V; air velocity through core 
H = the heat dissipation at V, air velocity through core 
c=an exponent whose value varies from 0.6 to 1.0 
depending upon the type of core. A fair estimated 
average is 0.75 to 0.80 
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Heat Dissipated per Square Foot of Radiation, Btu. 
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Fic. 6—CuRVES SHOWING THE RELATION BETWEEN THE CORE DEPTH 
AND THE HEAT DISSIPATING CAPACITY 
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An air velocity through the core of about 1800 ft. per 
min. is a good standard to maintain for trucks and trac- 
tors. Of course, as the depth of core is increased, it be- 
comes more difficult to obtain high air velocity and the 
radiator becomes less efficient per square foot of radiat- 
ing surface. : 

The lower part of Fig. 3 shows the results of tests of 
a large number of commercial radiators with which an 
air velocity of 1800 ft. per min. through the radiator has 
been used as a standard. The upper part of Fig. 3 gives 
the average heat dissipated per square foot of radiating 
surface for an air velocity through the core of 4000 ft. 
per min., which agrees with passenger-car practice. 
These data can be used as an aid in approximating radi- 
ator core dimensions for engines whose heat losses to the 
jacket-water can be estimated. Radiating surface is here 
considered as the sum of direct-radiating surface and the 
indirect surfaces. In either case only the surface exposed 
to the air is considered radiating surface; of direct sur- 
face, only the surface of one side of the metal, and in the 
case of indirect cooling fin, both sides of the metal if 
these are exposed to the air. In using the curves of heat 
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dissipated per square foot of radiating surface it is very 
important that the radiating surface shall have been com- 
puted correctly. The cooling surface of many radiators 
is greatly overrated. 

If the radiating surface increases in direct proportion 
to the depth of the core, increasing the depth of core in- 
creases the heat dissipation as shown in Table 3, accord- 
ing to the curves in Fig. 6 on page 551. 








TABLE 3.—INCREASE IN HEAT DISSIPATION 
Increase in ~ 
Depth of Core, in. Air Velocity Through Radiator Core 
Sa . AW 





a ama a af cio 
1800 ft. per min., 4000 ft. per min., 
From To per cent per cent 
2 2% 19.2 21.8 
2% 3 14.1 16.2 
3 3% 11.0 14.0 
3% 4 8.3 11.8 
4 4% 6.3 9.5 
4% 5 4.8 8.0 








The figures indicate that there is slight advantage in 
using more than a 4-in. depth of core for an air velocity 
of 1800 ft. per min. If a 4-in. core should not be large 
enough, it would be advisable to increase the frontal 
area. Cores deeper than 4 in. can be used satisfactorily 
for air velocities greater than 1800 ft. per min. The 
frontal area of a radiator core should be made sufficiently 
large for satisfactory cooling and never be less than 8 sq. 
in. per b.hp. for passenger cars or 11 sq. in. per b.hp. 
for trucks and tractors. These amounts are usually in- 
creased about 25 per cent when thermosyphon cooling is 
employed. 

If we represent the heat to be dissipated by a radiator 
by H, then 

H = (K-F-h-bhp.) + 60 
where 

K = the percentage of heat transferred to the water- 
jackets, depending upon the type of engine. 
K varies from 40 per cent for T-head to 25 
per cent for Knight engines 

F =the fuel economy of the engine in pounds per 
horsepower per hour 

b.hp. =the horsepower at governed speed for trucks 

and tractors; for passenger-car engines it 
equals the horsepower at an engine speed that 
is capable of producing a road speed sufficient 
to create an air velocity through the core of 
4000 ft. per min. 

h =the heating value of the fuel in British thermal 
units per pound 

If the amount of radiating surface of various depths 
of core and the total amount of heat to be dissipated by 
the radiator are known, it is a fairly simple matter to de- 
termine the approximate depth of radiator core for an 
engine that uses a water-pump. The following equation 
will aid in determining a theoretical depth of core when 
the air velocity through the core is 1800 or 4000 ft. per. 
min. 

H/A<RD 
where 
H =the total amount of heat to be dissipated by the 
radiator in British thermal units per minute 

A =the exposed frontal area of the core, in square 
feet 

R =the square feet of radiating surface of the core 
per square foot of frontal area 

D=the British thermal units dissipated per square 
foot of radiating surface, from either curve in 
Fig. 6 

This will give only a theoretical depth of core, which 
may vary greatly from the actual core depth necessary, 
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because the cooling is affected by the design of the vari- 
ous units of the cooling system. 

The volume of air necessary to cool a truck or tractor 
engine successfully is usually about 160 cu. ft. per min. 
per b.hp. This is based on a temperature rise of air in 
passing through the radiator of from 25 to 30 deg. fahr. 
An important consideration affecting this required vol- 
ume of air is the discharge of the air after it has passed 
through the radiator into the hood. In passing through 
the radiator the air becomes heated and expands. The 
dust-pan and floor-boards restrict a free discharge of the 
heated air and, unless sufficient hood louvers or other 
means of escape are provided, a static back-pressure will 
build up under the hood. The discharge area for the air 
should be greater than the intake area by at least 20 or 
25 per cent. It is a common fault to provide a discharge 
area less than the intake area. If due consideration is 
given to the importance of air circulation when design- 
ing the cooling system for an engine, some provision will 
be made for increasing the discharge area sufficiently to 
allow free escape of the warm air imprisoned under the 
hood. 


Coouinc Fans 


To assure sufficient air for cooling, it is necessary to 
supply the cooling system with an efficient fan of correct 
size and properly driven. Four-blade fans are by far the 
most popular. This is due to the fact that they can be 
driven at a slower speed than the two or three-blade fans 
to deliver the same volume of air. Slower fan speed les- 
sens belt slippage and lengthens the life of the belt. 
Lubrication and bearing troubles also will be reduced. 
With six-blade fans, the blades are so close together that 
at the high speeds often reached in passenger cars cavi- 
tation results and the fan loses its efficiency. 

Fans are usually made of aluminum or pressed steel. 
The cast-aluminum fans can be cast so that the blades 
have a true propeller pitch, increasing their efficiency 
and requiring less horsepower to deliver a certain volume 
of air than pressed-steel fans of a similar size. Flat- 
blade pressed-steel fans are mechanically weaker than the 
curved-blade fans and, if subjected to high speeds, re- 
quire a rim around their periphery or grooves in the 
blade, both of which lower their efficiency. They must 
be driven at higher speed to deliver the same volume of 
air, and this is a disadvantage since high-speed fans are 
usually noisy. 

The distance from the tip of the fan blade to the back 
of the radiator core should be at least 4% in. Fans too 
close to the core tend to be noisy and to localize the air 
flow to the area swept by the fan. With reference to 
truck and tractor practice, the addition of a properly- 
designed fan-shroud will increase and distribute the air 
flow more evenly through the core. When using a shroud, 
the fan should be at least 2 in. from the core, or 21% to 
3 in. if possible. The shroud should be free from sharp 
corners, and the fan, if of the curved-blade pressed-steel 
type, should be placed in the shroud so that the back of 
the fan is flush with the back of the shroud. 

Increasing the diameter of average cooling fans 1 in. 
and keeping the fan speed the same will increase the air 
velocity through the radiator core from 12 to 15 per cent. 
This allows either an increase in the heat dissipation of 
10 to 13 per cent, or driving the fan slower to effect the 
same results. An increase of %4 in. in the projected 
width of the fan blade will increase the velocity through 
the core about 3 or 4 per cent; likewise it will increase 
the heat dissipation about 21%% to 31% per cent. A fan 
of large didmeter will require less horsepower to deliver 


Vol. VII 





December, 1920 





STANDARDIZATION IN GERMANY | 553 


a given volume of air than a fan of smaller diameter, 
and can be driven at a slower speed. It is important 
to use fans with as large diameters as possible for effi- 
cient cooling of trucks and tractors and the sweep should 
cover practically the entire radiator core. 

To drive a fan with as little belt-slippage as possible, 
large-diameter pulleys should be used, and the belt width 
should be ample to carry the load satisfactorily. The 
diameter of the smaller pulley should not be less than 
2% in. for fans whose diameter is 18 in. or less, nor 
less than 3 in. for fans of greater diameter. 


GENERAL DersiGn Factors 
Radiator calculation can be no more than an approxi- 





mation at best, as engines of the same size and type 
may require different cooling. A change in drivers or 
operators may have a noticeable effect on the cooling of 
an engine. Carburetion and ignition timing of course 
affect cooling. Designers should give the cooling system 
proper consideration, embodying therein accepted princi- 
ples. In order that the user may obtain cooling that is 
as satisfactory a year after as at the time of his pur- 
chase, it is necessary that the automotive manufacturer 
furnish him with instructions as to when and how to 
clean both the inside and outside of the radiator. A 
cooling system can be no better than its weakest unit 
and the designer is urged to bear in mind the impor- 
tance of each of the units individually. 


STANDARDIZATION IN GERMANY 


HERE has been formed the Standards Committee of the 

German Industries (Normenausschuss der Deutschen In- 
dustrie) which, though organized less than two years ago, 
has already published 160 standard sheets and has 400 in 
process. Unlike the standardization work in the United 
States the committee is dealing with manufacturing rather 
than with materials standards, for in the present crisis it is 
important to effect as quickly as possible such standardization 
and simplification of design as will save both labor 2d mate- 
rial. The attack has been begun on design standards, also, 
because the Germans do not know definitely where some of 
their raw materials will come from. 

The standard sheets already issued cover a surprisingly 
wide field, from tool grips, gages and wood screws to win- 
dow frames for small dwellings. Standardization of parts 
for machine tools, automobiles, agricultural machinery and 
locomotives is being studied. A subcommittee has in hand 
the standardization of rolled shapes, while a number of sub- 
committees are working at high speed on the elements, 
doors, stairs, roofing, plumbing, etc., of small dwellings, of 
which there is great shortage in Germany and on which much 
labor and material must be used as soon as Germany has 
the financial resources. The cooperation which this com- 
mittee is receiving is extraordinary, and could not, I was 
told, have been secured before the war. Now the necessity 
is such that noone is appealed to in vain. 

For furtherance of management studies and exchange of 
experiences, there has been formed an Association of Ger- 
man Works Engineers. Already there are branches in 15 
manufacturing centers, while a dozen questions, such as wage 
and cost systems, making and use of time and motion studies, 
have been formulated for study by committees and discus- 
sion at meetings. Employment methods, the influence on 
industry of the standardization of design, the function and 
place of testing in industrial works, and the layout and 


organization of factories, are other questions that are being 
taken in hand. The effects of standardization, of reduction in 
the number of patterns produced in a given factory, of special- 
ization by shops and individuals, are being carefully studied 
and both direct costs and the overhead are analyzed. 

The Verein Deutscher Ingenieure, an organization of 25,000 
members, played a prominent part in the organization of 
the Standards Committee, and the offices of both bodies are 
in the society’s headquarters at Berlin. The publishing ac- 
tivities of the Verein have been greatly increased. The pre- 
war publications included the Zeitschrift (the proceedings), 
published as a weekly engineering journal; Technik und 
Wirtschaft (Engineering and Business), a monthly; a Year 
Book of contributions to the history of engineering and in- 
dustry, and Forschungsarbeiten (Research Papers), which 
appear irregularly. Since the war the following publica- 
tions have been started: Der Betrieb, which discusses all 
phases of industrial management and is the medium for the 
announcements of the Standards Committee; Technik in der 
Landwirtschaft, a monthly devoted to the applications of 
engineering to agriculture, and Technische Zeitschriften- 
schau, a monthly digest of engineering publications. 

German technical development in the next 10 years will 
deserve the very closest study. German industrialists and 
engineers in the 30 years following the Franco-Prussian war 
changed Germany from an agricultural to an industrial na- 
tion. The genius, the patience, the perseverance, the thor- 
oughness that created that economic revolution are still to 
be found in Germany. If before the war Germany’s tech- 
nical progress was rapid, it will now, under the new condi- 
tions, be so accelerated that we can safely look for extraor- 
dinary technical progress in the near future. From the 
engineering standpoint Germany in the next decade should 
be the most interesting country in the world.—E. J. Mehren 
in Engineering News-Record. 


ALKALINE WATER AND RADIATOR CORES 


T HE Society received a letter recently from the chief engi- 
neer of a prominent automobile company making in- 
quiry about the effect of alkaline waters and air in the Far 
West upon brass radiator cores and tanks. This letter was 
submitted to H. C. Harrison, president of the Harrison Ra- 
diator Corporation, who offered the following information 
which is considered of sufficient interest to the membership 
to be published in THE JOURNAL. 

He stated that, on the Pacific coast and particularly in the 
States of Missouri, Kansas, Oklahoma, Colorado, Utah, 
Nevada, Arizona and California, brass radiator cores gave 
trouble due to corrosion and generally had to be replaced 
inside of 12 months. Because of this a large trade has been 
developed on the Pacific coast among small radiator makers 
who replace the standard cores with copper ones of their own 


manufacture. It was suggested that cars operating in these 
localities be equipped with copper cores and tinning.the top 
headers of the radiator, even though it is of the cellular 
type, since the worst corrosion seems to occur on the bottom 
surface of the top tank. The substitution of copper for brass 
does not entirely eliminate the trouble due;to corrosion, but 
it greatly prolongs the life of the radiator. The effect of 
the corrosion is much the same as in the case where mineral 
non-freezing solutions are employed in radiators. -It is 
curious that most car builders as well as their service de- 
partments are ignorant of these conditions, in spite of the 
fact that corrosion of this character is so common that the 
life of a radiator has been accepted in these sections as neces- 
sarily limited to a period which is very much less than the 
life of the car. 
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RETURN OF THE ALASKAN EXPEDITION 


fo dare Alaskan flying expedition has made its contribution 
to the history of aviation. The 9000 miles from New 
York to Nome and return has been cut to approximately 
110 flying hours. The greatest pioneering feat attempted 
by the Army Air Service ended successfully when the four 
DH-4 planes, running their original engines, landed at 
Mitchel Field, Mineola, N. Y., on the afternoon of Oct. 20, 
having been escorted from New York City by an aerial fleet. 

After a night’s rest, the officers and men comprising the 
expedition proceeded, on the morning of the 21st, to Wash- 
ington, where a reception was accorded them befitting an 
occasion so notable in the history of aviation. Flying a 
DH-4 plane, Gen. Charles T. Menoher, chief of the Army 
Air Service, met the party in the air and escorted them to 
Bolling Field. Also in the receiving party were Gen. 
William Mitchell, chief of training and operations, command- 
ing the 99th and the 10th Observation Squadrons, and Col. 
William H. Hensley, Jr., the foremost airship pilot in Amer- 
ica, who crossed the Atlantic in the British R-34, command- 
ing the U S ZD No. 1, flying up from Langley Field with 
a full crew of 24 officers and men. Each squadron consisted 
of 18 planes flying in vee formation, making a total of 54 
Army planes, in addition to which were a number of civilian 
aircraft which took the air to honor the return of the intrepid 
aeronauts. 

The aviators told many interesting stories of their trip. 
At some landing places along the way game was plentiful 
and fresh meat was always available. The fliers sighted 
herds of reindeer and caribou, and often saw bear, mountain 
sheep and other game. A school of white whales and many 
seals were sighted in the Bering Sea. Capt. St. Clair Street 
said that the expedition failed to obtain as many pictures 
as they had hoped because of poor visibility. In bad weather 
it was necessary to fly high to avoid hitting mountain peaks, 
a good portion of the journey having been made at an alti- 
tude of 8000 ft. Hundreds of miles of the territory covered 
had not been mapped, and the only information available 
was what could be had from trappers. 

Captain Street, piloting plane No. 1 and in command of 
the expedition, was stationed at the training camp at Issou- 
dun, France, during the war, being one of the first aviation 
officers sent overseas. He was decorated by General Per- 
shing. Sergt. Edmund Henriques, his mechanician, is one 
of the most experienced men in the service. Plane No. 2 
was piloted by First-Lieut. Clifford C. Nutt and Second- 
Lieut. Eric C. Nelson, engineering officer. A year ago these 
two officers made a successful recruiting flight from Houston, 
Tex., to San Diego, Cal., by way of Omaha, Neb., and Den- 
ver, Colo., and return, a journey of 7000 miles, without acci- 
dent or mishap of any kind. Lieut. C. H. Crumrine, the 
photographic officer, piloted plane No. 3 with Sergt. Albert 
I. Vierra, one of the most experienced Liberty engine experts, 
as mechanician. Lieutenant Crumrine is an experienced pilot, 
having been stationed at Carlstrom Field, Florida. He will 
be remembered through his connection with the finding of 
Lieutenant Niergarth, the airman who was lost in the Ever- 
glades. Lieut. Ross C. Kirkpatrick, who made a distinguished 
record in the transcontinental endurance and reliability flight, 


the information officer of the expedition, piloted plane No. 4, 
with Joseph E. English as mechanician. 


COMPARISON WITH OTHER LONG-DISTANCE FLIGHTS 


The Alaskan Flying Expedition successfully completed one 
of the most hazardous and stupendous aerial events yet at- 
tempted in any country. When it is considered that these 
fliers had to proceed over at least 2000 lineal miles of virgin 
territory far remote from habitation, without a landmark 
to guide them or a field upon which to alight, over jagged 
mountain peaks and endless snow-covered glaciers, and over 
7000 miles of country, encountering the greatest menace to 
airmen, fog, yet pushing dauntlessly on against all kinds of 
odds, one must conclude that this was one of the greatest 
efforts of pioneering work yet accomplished by the Army 
Air Service. 

The British last spring attempted to fly from Egypt to the 
Cape, over the wilds of Africa. One pilot reached the des- 
tination, but only after he had replaced his machine and en- 
gines, and after much delay and inconvenience. In the 
Alaskan flight, on the other hand, thanks to the efforts of the 
commander, Capt. St. Clair Street, and the personnel of his 
party, despite discouraging delays and the worst possible 
weather conditions the expedition pushed on and on, flying 
successfully the same planes with the same engines a dis- 
tance of 9000 miles, with scarcely a change of spare parts 
or equipment throughout. In the transcontinental reliability 
test last autumn, Lieut. Belvin Maynard, the winner, broke 
his engine near Omaha, and had to change it entirely before 
proceeding. Only one Liberty engine succeeded in making the 
journey both ways, and this was piloted by Lieut. E. A. Man- 
zelman, who felt that by nursing it along and caring for his 
machine, as such a fine piece of mechanism as an airplane 
should be cared for, he would gain a victory more pronounced 
than the saving of a few moments of time with the sacrifice 
of a valuable engine. 

Compared to the non-stop flight made by the Englishman, 
John Alcock, which gained for him recognition from the 
British Government in the form of knighthood, most fliers 
will agree that the Alaskan flight is a greater feat. Alcock’s 
undertaking, though marvelous and unprecedented, was, to 
a certain extent, a wager wherein the stakes and the odds 
were great, but the effort was only 16 hr. continuous flying 
with the chance of a failing engine. The Alaska flight was a 
steady grind of over three months’ duration. Only those 
who have flown on expeditions of this nature can appreciate 
the state of mind of the pilots as they awoke each morning 
to realize the hazardous undertaking they had attempted and 
the long day’s flight over uncharted airways before them. 

Compared to the flight of the NC-4 across the ocean, the 
Alaskan expedition ranks high. Commander Read had only 
one landing to make, at the Azores. Captain Street and his 
men were compelled to land fifty times on strange fields 
and in one instance on wholly impossible ground. To reach 
these fields successfully was a big task in itself, but to land 
an airplane without crashing was a problem that did not 
appear in the NC-4 flight. It took skill, courage and deter- 
mination to fly to Nome and back.—Air Service News Letter. 


POWER REQUIRED TO DRIVE MAGNETOS AND GENERATORS 


HE Air Service recently issued serial report No. 1281, 

of the Engineering Division at McCook Field, which pre- 
sents and analyzes the results of a test to determine the 
horsepower required to drive the generator on the Liberty 
engine. Two different makes of magneto were also tested 
for the same purpose. The units under test were connected 
to a 5-hp. electric cradle dynamometer and the torque re- 
quired to drive them noted. A load was placed on the mag- 
netos by connecting %-in. spark-gaps in series with them. 
The generator was loaded by a slide-wire resistance con- 


nected in series. Although the magnetos were driven at 
speeds up to 3300 r.p.m., the torque required was too small 
to measure. The power absorbed in driving the generator 
ranged from 0.07 hp. at 1800 r.p.m., under a load of 1 
amp. to 0.19 hp. at a generator speed of 3300 r.p.m. when 
loaded to 4 amp. This power is much less than that ab- 
sorbed by the water and oil pumps and is also insignificant 
when compared with the total horsepower of any aviation 
engine. These data are of value when the strength of the 
parts driving these engine accessories is being considered. 
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METHOD FOR IDENTIFYING STEEL STOCK 


HE Miscellaneous Division of the Standards Committee is 
considering the adoption of a system of identifying marks 
for S. A. E. steels employing steel letter dies. Numerous 
other systems have been considered in the past. Most of 
these involved the use of colors to be painted on the bars, 
billets or other forms of steel. Such systems are unsatis- 


factory because (a) only a very limited number of readily. 


distinguishable, fast colors are available; (b) paint chips off 
and discolors when rust develops under it on steel exposed to 
weather and (c) paint cannot be applied to hot bars or 
billets. 

The system of marking with steel letter dies can be ex- 
panded to take care of any number of steels. The choice and 
arrangement of letters are such that ambiguity is impos- 
sible. Similar letters such as N and Z are not both used. 
The symbol BC is employed, but the symbol CB is not used, 
etc., thus avoiding confusion which would occur should letters 
be applied upside down. Rust will affect die-marks far less 
than paint. Hot steel can be easily marked with letter dies. 


IDENTIFYING MARKS FOR STEEL STOCK 


S. A. B. 
Steel No. Identification 
Carbon Steels 
1010 AA 
1020 BB 
1025 A 
1035 B 
1045 C 
1095 AB 
Screw Stock 
1112 D 
1120 E 
Steel Castings 
1235 CC 
Nickel Steels 
2315 H 
2320 I 
2330 K 
2335 L 
2340 M 
2345 N 
2512 O 
Silico-Manganese Steels 
9250 AL 
. 9260 AM 


S.A. E. 
Steel No. Identification 
Nickel-Chromium Steels 
3120 
3125 R 
3130 Ss 
3135 a 
3140 U 
3220 V 
3230 xX 
3240 . 4 
3250 DD 
3415 EE 
3435 HH 
3450 Il 
3320 KK 
3330 LL 
3340 MM 
Chromium Steels 
5120 NN 
5140 OO 
5165 PP 
52100 RR 
Chromium-Vanadium Steels 
6120 SS 
6125 TT 
6130 UU 
6135 XX 
6140 YY 
6145 AC 
6150 AD 
6195 AE 
Tungsten Steels 
71360 AH 
71660 Al 
7260 AK 


It is well to bear in mind that this system would be adopted 
only as S. A. E. Recommended Practice and need have no 
effect on any other systems in use. It is suggested that every 
member of the Society, who is interested in this subject, give 
it study. Comments and criticisms based upon experience and 
not mere opinions should be sent to the Society office promptly. 
The proposed system will be recommeneded for adoption as 
S. A. E. Recommended Practice by the Miscellaneous Division 
unless adequate valid objections are received. 





RUBBER ARMOR FOR AIRPLANE GASOLINE TANKS 


UBBER was long ago suggested as a possible defensive 
armor for battleships, the idea being that many projec- 
tiles would not penetrate it owing to rebound and deflection, 
and that holes made by those which did pierce the rubber 
would quickly and almost completely close again. While this 
dream has never materialized, gasoline tanks on United 
States Army airplanes are being equipped with rubber and 
fabric coverings to prevent leaks in case the tank is pene- 
trated by bullets and thus the fire hazard is reduced. There 
are two types of these leak-proof coverings, detachable and 
fixed, the former being furnished whenever practicable. 

The tank or tank form is first covered with tire breaker 
fabric with the coated face outside. A 1/16-in. ply of pure 
first-grade washed and dried smoked sheet rubber is then 
applied over the breaker fabric. Over the crude rubber is 
applied a %-in. layer of rubber compound, and’ the three 
layers are rolled down into close and uniform contact over 
the whole surface of the tank, when the completed covering 
on the tank or form is vulcanized and the accessory fittings 
for filling the tank are installed. All openings for accessory 
fittings are reinforced with fabric strips or washers. 

Coverings of the detachable type have four triangular end- 
flaps laced together which permit insertion or removal of the 


tank. Attached along the edges of these flaps before vul- 
canization are strips of 17%4-oz. tire duck. These fabric 
strips are to reinforce the edges which hold the lacing eyelets, 
which are standard brass grommets. The rubber compound 
from which the main body of the rubber covering is made 
contains not less than 92 per cent by weight of new washed 
and dried hard fine Para, or the highest grade only of new 
Hevea plantation rubber, 6 per cent of sulphur and not more 
than 2 per cent of magnesium oxide. 

The required tensile strength of the compound is at least 
1800 lb. per sq. in. The elongation of a 2-in. section at the 
breaking point is at least 700 per cent. When the specimen 
is stretched from 2 to 15 in., held in the stretched position 
for 10 min. and then released for 10 min., the permanent 
elongation must not exceed 12% per cent. Great care is 
exercised during the whole manufacturing process to exclude 
grit, dust or foreign substances from the interior of the tank. 
Tensile test-specimens of the rubber compound are cut with 
a die from samples furnished by the manufacturer, or from 
a sample covering. Samples are required to be approxi- 
mately 3/32 or % in. thick with the constricted portion of 


the specimen % in. wide and having smooth edges—India 
Rubber World. 
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Fuel Mixtures on London Omnibuses 


By G. J. SHAVE’ 


zac experiments covered by this paper were carried out 
with a view to ascertaining the most suitable mixture 
of benzol-aleohol for use in standard buses with B type 
engine. The production of benzol is limited by the amount 
of coal used for gas and metallurgical coke-making. Raw 
material for the production of alcohol is practically limitless. 
Under these conditions it was felt desirable to find the larg- 
est proportion of alcohol that could be reasonably used, with 
due regard to fuel economy and the minimum of alteration in 
converting a standard gasoline engine to burn this fuel. 
Gasoline is necessarily taken as a standard of comparison. 

Compared with gasoline, benzol and alcohol are slow-burn- 
ing fuels. Consequently compression has to be increased in 
proportion to the slowness of burning, and within the limits 
of the detonating temperature of the fuel and air mixtures. 
Table 1 gives the calorific values and specific gravities of the 
fuel consumption. 


TABLE 1—CALORIFIC VALUES AND SPECIFIC GRAVITIES 
Specific Grav- 


B.t.u. ity at 60 B.t.u. 

perlb. deg. fahr. per gal. 

DN  d0 5.6 66 00-5 0 oe en 19,705 0.7680 151,305 

See 17,932 0.8720 156,367 

a 11,952 0.7820 93,465 
50 per cent Benzol and 

50 per cent Alcohol.. 14,906 0.8380 124,916 
65 per cent Alcohol, 30 
per cent Benzol and 

110,816 


5 per cent Ether.... 13,410 0,8265 


Though benzol stands the highest in British thermal units 
per gallon, the difference is very small, and it follows that 
it is possible to run a gasoline engine on benzol without alter- 
ing the compression, though to obtain the best results a dif- 
ferent carbureter setting is required. With alcohol, however, 
owing to its slow combustion, it was found that good results 
could be obtained only by raising the compression consider- 
ably. In connection with these fuels, another point is the 
temperature in the intake pipe, which should be maintained 
high enough to insure complete vaporization of the fuel. 

Pure benzol or power-alcohol can be used as fuel, and every 
proportion of mixtures between the two. A mixture of ap- 
proximately 92 per cent benzol and 8 per cent alcohol gives 
the same value in British thermal units per- gallon as gaso- 
line; so it is possible to use on a gasoline engine a mix- 
ture that can compare favorably with gasoline without chang- 
ing the compression or carbureter setting. 


Bencu, Roap anp SERVICE TEstTs 


Experiments commenced with a 50-per cent mixture. Com- 
pared with gasoline, its heat value was as 12.5 to 15, a dif- 
ference warranting change in compression and carbureter 
setting. Some fifty bench tests were made on 110 x 140-mm. 
(4.34 x 5.50-in.) B type engines with a dynamometer. The 
compression, carbureter setting and intake pipe heating were 
the variable factors, and it was found that with a 50-per cent 
mixture a 123-lb. compression gave best results. The most 
suitable valve-setting was that used in standard B type 
engines burning gasoline. Exhaust gas analyses showed a 
complete absence of carbon monoxide with a slight excess of 
oxygen, indicating that combustion of the fuel was complete. 

Further tests investigated the possibility of running stan- 
dard B type engines with higher compressions on fuels having 





4Abstract of a paper read before the Fuels Section of the Imperial 


Motor Transport Conference, at the Roy i SI > 
don, Oct. 18 1920 Oyal Automobile Club, Lon 


*Engineer, London General Omnibus Co., London, England. 


higher alcohol percentages. During these tests the large 
range of air and fuel mixtures on which the engine could 
run was particularly evident. This was more noticeable with 
alcohol in large proportions, proving conclusively the service- 
ability of fuels containing alcohol. In these tests the full- 
load fuel consumption in British thermal units per brake 
horsepower decreased as the percentage of alcohol in- 
creased up to the point at which compression ceased to be 
sufficiently high; i. e., mixtures containing up to 70 per cent 
or 80 per cent of alcohol. Half-load consumption gradually, 
and quarter-load rapidly, become greater. This points to 
the effect of the low compression due to small throttle open- 
ings, and it is suggested that the advantages gained at full 
throttle will be reduced at decreased throttle openings when 
using higher percentages of alcohol, especially on the type of 
engine under trial. It is contended that the higher the com- 
pression the worse effect will the pockets have on fuel con- 
sumption, more especially at small throttle openings. 

The higher the alcohol percentage, the more important is 
it to design the engine for special purposes. A slow-burning 
fuel like alcohol makes possible high thermal efficiencies and 
great fuel economy, but for best results it must be designed 
to suit the fuel. Generally speaking, such an engine would 
have a long stroke, high compression and overhead valves, 
while the importance of sufficient heat to vaporize the mix- 
ture cannot be exaggerated. To summarize these tests 


(1) The greater the alcohol percentage the higher the 
possible thermal efficiencies for the same compression 

(2) The greater the alcohol percentage the higher can 
the compression be raised, with consequent rise in 
thermal efficiency 

(3) With high compression the ill effects of valve- 
pockets are more noticeable at small throttle open- 
ings than with low compression 


The chassis with which these tests were made was a bus 
chassis fitted up as a motor truck. Engine compression was 
raised to 160 lb. per sq. in. by riveting dome-shaped alumi- 
num plates on top of the pistons to follow roughly the con- 
tour of the cylinder-head. The following mixtures were 
tried: 


Calorific 
Alcohol, Benzol, Value 
per cent per cent B.t.u. per gal. 
90 10 100,000 
80 20 109,487 
70 30 115,347 
60 40 120,207 
50 50 127,063 
Gasoline 151,305 


The best all-round results were obtained with a 70-30 per 
cent mixture, though a 50-per cent mixture gave very good 
results. Comparing the 70-per cent or high-compression mix- 
ture and gasoline normal compression we get the following 
results: 

-——British Thermal Units——~ 


Permile Saving of 
Mixture Gasoline per cent 
eee See ooh 12,160 16,100 24.5 
(normal speed) 
Road Service Test.. 14,100 15,810 10.8 


After running for a month on 50-per cent benzol-alcohol 
fuel, the tank, a new one, was found to have become porous 
and corroded from the action of the fuel. Laboratory experi- 
ments showed that copper and iron are attacked badly by 
these fuels; brass, zinc, tin and aluminum are slightly at- 
tacked; lead is immune. Fuel tanks and pipes should there- 
fore be lead-coated. A sample of sheet iron suitable for 
tanks is coated with an alloy composed of 20 per cent tin 
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and 80 per cent lead. On brass the effect is so slight that 
the carbureter can still be made of that metal. 


The results in service are given in the accompanying 
table. 





TABLE 2—FUEL CONSUMPTION 





Fuel Composition British 
Alcohol, Benzol, Miles Thermal Units 
percent percent Bus No. per gal. per mile 

25 75 B-908 7.42 18,980 

5 95 B-415 7.60 20,150 
20 80 B-849 7.28 19,780 
50 50 B-1263 7.00 17,816 





*For the week the first two mixtures were tested, 
the fleet which used gasoline averaged 7.58 miles per 
gal. and 19,900 B.t.u. per mile; for the week of the last 
two mixtures the corresponding figures were 7.55 
miles per gal. and 20,050 B.t.u. per mile. 








It is seen that 50 per cent mixture gives the greatest 
efficiency, consuming some 12% per cent less British thermal 
units per mile than gasoline. 

After six weeks’ service, the engine running on the 50- 
per cent mixture was examined after a concluding test that 
showed a somewhat increased fuel consumption and de- 
creased brake horsepower. One cylinder was found badly 
scored by a piston-pin. The inlet-valve pockets, as far as 
1 in. under the valve heads, were coated with a thick tar-like 
substance partially choking the passage. There was also a 
little of this tar-like deposit in the inlet manifold. Exhaust 
valves were clean and in good condition, nor was there much 
deposit on the pistons. The partial choking of the inlet- 
valve openings would probably account for the decreased 
horsepower. 

Though this points to the desirability of examining valves 
and intake pipe periodically, no ill effects were noticeable in 
running in service; in fact, the miles per gallon were fairly 
well maintained, ease of starting, acceleration and flexibility 
were very noticeable, knocking and pinking were not existent 
on hills at low speeds. This is due to the combustion being 
more sustained and the absence of tendency to preignition or 
detonation. Further tests of 14 buses in service showed an 
average consumption of 7 miles to the gallon during six 
weeks working of over 4500 miles. At the same time, for 
the same period, the average on gasoline was 7.5 miles per 
gal. These tests emphasize the influence of colder weather, 
indifferent quality of benzol and the need for separation of 
water from the alcohol; these points contributed to lower 
the economy as compared with the figures originally obtained. 
The excess of water may have been due to colder weather 
and more humid atmosphere. It made the bus difficult to 
start and caused trouble by the condensation of water on the 
spark-plugs. The latter objection, however, was overcome 
by using plugs with the porcelain insulation extending to 
within a short distance of the electrode. To eliminate the 
difficulty a drain-tap was fitted to run off the water before 


starting in the morning. As an explanation of this collection 
of water, it is suggested that alcohol, benzol and water are 
not completely miscible at low temperature. 

The average fuel consumption for approximately a half 
dozen buses using the 50-per cent mixture in the winter was 
6.05 miles per gal., while the average for the fleet using 
gasoline was 7.19 miles per gal. The corresponding figures 
for summer were 7.00 and 7.55 miles per gal. 


COMPARATIVE Cost 


It is difficult to estimate the economy in comparing these 
figures, as fuel is purchased by the gallon and not on the 
British thermal unit basis. Moreover, the heavy Government 
duty on alcohol stands in the way of a comparison. On the 


basis of equal cost, say 25d. per gal., we get the following 
comparisons: 


50-Per Cent 
Benzol-Alcohol 
Gasoline Mixture 
British thermal units per penny 6,050 5,000 
British thermal units per mile. .20,050 17,816 
ee ee ee 3.3d 3.5d 


This accords gasoline 20 per cent more heat value per 
penny than the 50-per cent mixture, but the latter is 12 per 
cent more economical. On cost, however, gasoline would be 8 
per cent the cheaper fuel, assuming equal cost per gallon. 
Apart, however, from the question of heat economy, the 
engine ran very much better on the mixture than on gasoline. 

Experiments with the alcohol-benzol mixtures have now 
been discontinued, and mixtures of alcohol and ether and 
alcohol, benzol and ether are under investigation. Tests are 
not very far advanced, but some data of bench tests can be 
given. The fuel was prepared from denatured alcohol, ben- 
zol and methylated ether. The mixture has the following 
composition: Alcohol 65 per cent, benzol 30 per cent and 
ether 5 per cent (specific gravity 0.8625 at 60 deg. fahr.). 
Three types of intake pipe were used; the plain, exhaust- 
heated and water-jacketed. The last gave the best, the ex- 
haust-heated pipe the worst, results. With plain or water- 
jacketed intake pipes, starting from cold was easy, though 
in the last case steady running was not obtained until the 
engine had become hot. 

Compared with gasoline, the power at speeds below 900 
r.p.m. is slightly better; at high speeds it falls off. Con- 
sumption is, however, slightly higher with this mixture than 
with gasoline, this being more marked at quarter load. From 
360 r.p.m. acceleration was good in all cases, and there was 
a complete absence of knocking and pinking. Exhaust-gas 
analyses showed a satisfactory absence of carbon monoxide, 
indicating that the combustion was complete, and only the 
slightest deposit was noticed on plug and valve caps. Also 
there was no objectionable smell from the exhaust. 

We are fast squandering the oil that has been stored in 
the fuel beds and it seems so far as our present knowledge 


takes us that it is to the fuels experimented with that we 
must turn for our salvation. 


QUANTITY PRODUCTION 


CAR contains about 3000 component parts, some of these 

taking as many as 30 different operations to produce 
them from the raw metal. Under a scheme of mass produc- 
tion many hours of thought must be applied to each par- 
ticular operation, to design the tools, jigs and fixtures re- 
quired for interchangeability. The expense of providing the 
best possible means of manufacture at each of these numer- 
ous stages could only be undertaken for large quantities. 
Each stage develops its own specialists, concentrating on one 
operation year in and year out, and attaining a degree of 
skill in workmanship such as can only be attained by this 
experience. The work, divided and subdivided, is again 
checked at each stage by its specialists, each of whom has a 
very highly trained faculty for detecting inaccuracies in that 


particular job. No group of workers on the old lines could 
compete with these single-operation specialists. The same 
general principle applies to the machines. In a mass pro- 
duction scheme it pays to introduce single-purpose machin- 
ery, and these machines do their work very much better. It 
is obvious that a lathe used for removing large quantities 
of material, for finishing operations and for general work, 
cannot retain the accuracy of a machine specially made and 
constantly used only for removing a few thousandths of an 
inch on a final finishing operation of one particular part. 
The machinery is better, the men are better and, finally, to 
reverse the usual order, the materials used are of better 
quality than those employed on a mass production job.— 
E. H. Morris in The Motor. 
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Current Standardization Work 


HE pamphlet containing the reports of the Divisions to 
the Standards Committee covering the work accomplished 
in the last half of 1920 will be sent to the members prior to 
the Standards Committee Meeting in January so that they 
ean carefully consider the various recommendations in time 
to submit comments or criticisms for consideration at the 
meeting. The Division reports will consist of complete and 
concise statements of the practices and constructions as 
recommended together with such illustrations and explanatory 
remarks as may be necessary. 
Progress made by the Standards Committee during the 
last month is briefly outlined below. 


BALL AND RouuerR BEARING DIvIsIoNn 


At a meeting of the Ball and Roller Bearing Division held 
at the Society offices on Nov. 10, several recommendations 
calling for revisions of present standards were adopted. The 
Division recommended that the present S. A. E. Standard 
for Angular Contact Ball Bearings, S. A. E. HANDBOOK, 
Vol. I, page 29ce, should be extended to include tolerances 
for the overall width of the bearings as follows: 


Nos. 200 to 212, or 300 to 312, or 403 to 412—plus or 
minus 0.003 in. 

Nos. 213 to 216, or 313 to 316, or 413 to 416—plus or 
minus 0.005 in. 

Nos. 217 to 222, or 317 to 322, or 417 to 420—plus or 
minus 0.010 in. 


It was also recommended that the width tolerances of the 
individual rings should be the same as the width tolerances 
of corresponding sizes of annular ball bearings of the light, 
medium and heavy series and that the three series of angular 
contact ball bearings should be published in the S. A. E. 
HANDBOOK on separate pages. 

In reference to the present S. A. E. Standard for Extra 
Wide Type Angular Ball Bearings, S. A. E. HANpbBOOK, 
Vol I, page 29cd, the Division recommended that this should 
be revised as follows: 


The title “Extra Wide Type” changed to “Wide 
Type”. The note, “The inside and outside diameters 
for the different size bearings shall correspond to the 
inside and outside diameters of the corresponding an- 
nular ball bearings of the light, medium and heavy 
series,” added. 

The footnote referring to the title, “Normally a 
double-row type of construction” added. 


In the present S. A. E. Standard for Separable Type An- 
nular Ball Bearings, S. A. E. HANDBOOK, Vol. I, page 29cc, 
it was recommended that the heading for the width col- 
umn should be changed from “Width of Individual Rings” to 
“Overall Width”; that tolerances of plus or minus 0.002 in. 
should be placed on the overall width; and that the footnotes 
“Individual ring tolerances: plus or minus 0.001 in.”, and 
“Nominal width of individual rings shall be the’ nominal 
width given in the table”, should be added. 

At a meeting of the Division held early in 1920 a Sub- 
division was appointed to formulate for publication in the 
S. A. E. HANDBOOK general information covering desirable 
practice as to shaft and housing fits and tolerances for ball 
bearings. The Subdivision reported at this meeting a defi- 
nite recommendation covering shaft tolerances and housing 
bore tolerances which were considered suitable for automo- 
tive application. The recommendation was based on a careful 
analysis of the press-fit allowances recommended by manu- 
facturers of ball bearings and an investigation of the prac- 
tices usually followed by the automobile manufacturers. As 
it was found that the practice of grinding shaft seats Was 
very generally followed, the recommendation was based on 


this method of finishing the shafts for the application of ball 
bearings. 

The subject of clutch-release bearings was discussed, the 
Transmission Division having recommended that the Ball 
and Roller Bearings Division should establish a standard 
for these in case it should be found that suitable bearings for 
this type of application were not included among the present 
thrust-bearing standards. A report is to be prepared cover- 
ing this subject for the next meeting. 


ELECTRICAL EQUIPMENT DIVISION 


The Electrical Equipment Division has recommended that 
the present standard for Flexible-Dise Magneto Couplings be 
revised by increasing the outside diameter of the disc from 
2% to 3 in. and the bolt-circle diameter from 2 to 2% in. 
The reason for increasing these dimensions is to prevent the 
couplings from tearing at the bolt-holes, this trouble having 
been experienced in practice. 

The Division has considered the adoption of a specification 
for the testing of spark-plugs. Considerable attention was 
given to this subject in cooperation with the Motor Trans- 
port Corps, as a result of which the latter adopted a definite 
specification for use in the purchase of spark-plugs. This 
was printed in the May, 1920, issue of THE JOURNAL on page 
281. The specification was not however suitable for adoption 
as standard practice and the Subdivision has therefore 
formulated the following test which can be applied without 
the use of expensive test equipment. 


A sufficient number of sample spark-plugs drawn at 
random from stock are to be furnished to equip at 
least two of the engines under consideration 

The spark-plugs submitted for test must conform 
in all important dimensions to the engine builder’s 
drawings 

Preignition and leakage tests are to be made in the 
following manner. An engine of the type for which 
the plugs are intended shall be equipped with a set of 
the spark-plugs to be tested. The spark-plug gaps 
shall be carefully adjusted with a suitable thickness 
gage to the desired dimension and these gaps shall not 
be disturbed throughout the tests. The engine shall 
then be coupled to a suitable dynamometer and the 
circulating water maintained at a temperature of not 
less than 40 deg. fahr. or more than 60 deg. fahr. 
The engine shall then be started up and as rapidly as 
possible brought to the speed corresponding to the 
maximum torque, the throttle and the spark adjusted 
for this condition, and the circulating water tempera- 
ture brought up to a temperature of not less than 190 
deg. fahr. nor more than 210 deg. fahr. as rapidly as 
possible and this temperature maintained for the re- 
mainder of the run. Torque and speed readings shall 
then be taken at 30-sec. intervals for a period of 15 
min. Appreciable loss of torque or speed, missing or 
backfiring which can be attributed to the spark-plugs, 
will be considered grounds for rejecting the spark- 
plugs under test, provided the engine is of proved de- 
sign and has previously demonstrated its ability to 
run steadily under these conditions. During this run, 
tests for gas leakage shall be made by covering all 
joints of the spark-plugs with oil and inspecting for 
leaks. 

Following this 15-min. run at the speed correspond- 
ing to maximum torque, the engine shall be brought 
up to the speed corresponding to maximum horse- 
power and be held at this speed for not less than 5 
min. Observations similar to the previous will be 
made during this run 

Spark-plugs which have successfully passed the 
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above tests will be considered satisfactory for use in- PassenGcerR Cars anp Licur Trucks 
sofar as the following points are concerned a c 
, MintmumCapaciry, MaxtmuM OVERALL- 
(1) Breakage owing to sudden temperature on amp-hr. Diaewssons 
changes 2 Assembl 
. oy: . o.° Cells 5-1 20- . I h r . embly 
(2) Liability to cause preignition ‘ a pane. | Longee, | Wises, 8 
4 € ate in. in. in. 
(3) Leakage Pare Bbc 
4) Power performan , 
a 2 p ance 3 60 31 9% 7% 9% | Side to side 
(5) Permanence of gap 3 72 37 11% 7% 9% | Side to side 
3 84 43 125% 74 9% | Side to side 
The following procedure for determining the rela- = on ei ie oo lane 
° on eae }- pay « 098 v2 v4 © 0 siae 
tive susceptibility of the spark-plugs under test to 3 84 43 205% 434 9% | End to end 
fouling is intended to serve merely as a guide in mak- A - pr ist 46: ATs, a bo = 
ing such tests, since general engine influences and : 36 19 134 74 9% | Side to side 
. . . . . 5 25 5 v4 1g Zz “* . 
more particularly lubrication and carburetion condi- 62 60 7 1732 733 of lana 
tions varying as they do in different makes of engine, 6? 48 25 20% 534 9% | End to end 


prohibit the setting of one strictly standard method 
applicable to all engines. 

The engine equipped with the spark-plugs under test 
shall be run on the dynamometer with the circulating 
water at not less than 40 deg. fahr. nor more than 60 
deg. fahr. The inlet manifold shall be kept at as low 
a temperature as practicable, all heating means being 
disconnected so far as possible. The engine shall be 
run with no load and a wide-open throttle, the speed 
being held down to between 1000 and 1500 r.p.m. by 
causing the carbureter to feed an abnormally rich mix- 
ture. The engine shall be run in this manner for 3 
min., following which the carbureter adjustment shall 
be restored to standard condition and the load applied 
to hold the engine at a speed of about 1200 r.pm. It 
is assumed that the torque which is to be expected of 
the engine under test at this speed, has been pre- 
viously determined. At the end of 2 min. running after 
applying the load as above explained, the percentage 
of standard torque which the engine is capable of de- 
veloping will be considered as a figure of merit for the 
spark-plugs under test. For instance, if at the end of 
2 min. operation under load following the “choked” 
run, the engine is capable of pulling its standard 
torque, the spark-plugs shall be considered 100 per 
cent satisfactory in this regard. If, however, the en- 
gine pulls but one-half its regular torque, the figure 
of merit will be 50. These tests should be repeated 
a sufficient number of times to insure a consistent 
average result. 


The Bureau of Standards has issued the final revision of 
the Specifications for Starting and Lighting Storage Bat- 
teries for Military and Truck Service, prepared by the Bu- 
reau with the cooperation of manufacturers and the Elec- 
trical Equipment Subdivision on Storage Batteries. The 
specification is given below. 


SPECIFICATIONS FOR STARTING AND LIGHTING STORAGE 
BATTERIES FOR MILITARY AUTOMOBILE AND 
TRUCK SERVICE 

Type of Battery 


The battery shall be of the lead-acid type, using flat 
pasted plates and shall be constructed to withstand 
hard mechanical service conditions. 


Capacity and Arrangement 


MepiuM aNnD Heavy TRUCKS 








MInimuMCaPACITy, MaximMuM OVERALL 
—— amp-hr. DIMENSIONS 
Number 
of —<—_— ——————] qq ——| Assembly 
Cells 5-hr. 20-min. | Length,!) Width, | Height, 
rate rate in. | in. | in. 
3 60 31 10% 7% 9% Side to side 
3 72 37 11% 7% 9% Side to side 
3 80 35 14% 7% 9% Side to side 
6 48 25 17% 7% 9% ~*| Side to side 
6 50 24 19% 7% 9% Side to side 


INo allowance made for hold-down clamps. 
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2Not to be continued as a standard size beyond present requirements. 
Construction 


Connecting straps shall be of lead or lead-antimony 
alloy. Plates of like polarity in each cell shall be in- 
tegrally burned to the respective straps. Straps are 
to be of pillar-post type of sufficient size and strength 
to be an adequate conductor and support for the group 
of plates. 

Intercell Connectors are to be of the “burned-on” 
type. The voltage drop in the intercell connectors is 
not to exceed 10 millivolts per inch of distance between 
post centers, when discharging at the 20-min. rate. 
Copper straps, when used, are to be lead-coated and 
provided with terminals of lead or lead-antimony alloy, 
which are burned to the posts. Intercell connectors 
must not obstruct the filling apertures. 

Plates shall be of good design and the best quality 
of materials and workmanship. This is to be judged 
either by laboratory tests or by a record of satisfactory 
field service at the option of the purchaser. 

Separators shall be (a) of properly treated wood 
corrugated on the side next to the positive plate; or 
(b) of properly treated wood as specified in (a) plus 
a perforated or slotted separator of thin flexible hard 
rubber, placed between the positive plate and the ribbed 
side of the wood; or (c) of an approved rubber type. 
The separators are to be held in place by suitable hold- 
downs. 


Terminal posts shall be plainly marked with the 
polarity as follows: 

The positive terminal shall be marked POS or P 

The negative terminal shall be marked NEG or N 


The terminal posts are to be in accordance with the 
S. A. E. Standard for taper posts as follows: 


Small diameter, negative post, in. 5% 
Small diameter, positive post, in. 11/16 
Taper per foot, in. 1 1/8 
Minimum length of taper, in. 11/16 


Sealing nuts or other suitable means are to be used 
to prevent leakage around the terminal posts of the 
individual cells. If metallic sealing nuts are used, it 
is required that they be of lead-antimony alloy through- 
out. 

Jars are to be of hard rubber and to conform in 
dimensions, design and quality to the Standardization 
of Hard Rubber Storage Battery Jars for Starting and 
Lighting Batteries prepared for the Hard Rubber Divi- 
sion of the War Service Committee of the Rubber In- 
dustry adopted Aug. 27 and Aug. 28, 1918. 

Covers are to be of a good quality of hard rubber. 
They are to be flat-top and bottom, or molded with 
flat top, free from acid pockets, with single sealing 
flange. The cover of each cell is to be provided with a 
filling aperture closed by a vent-plug of hard rubber. 
The vent-plug may be of the bayonet or screw type. 
Each vent-plug is to be provided with an outlet for 
the gas and a baffle-plate or equivalent means -to pre- 
vent slopping of the electrolyte, or the escape of spray. 
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Covers for cells of the batteries specified as for medium 
and heavy truck service may be of the double-flange 
type. They are to conform otherwise to the require- 
ments of this section. 

Sealing compound shall be of an acid-proof material 
that will adhere firmly to both rubber and wood sur- 
faces, and of such consistency that it will not flow at 
55 deg. cent. (131 deg. fahr.) and will not crack, or 
separate from the rubber at a temperature of 20 deg. 
cent. (-4 deg. fahr.) under static test. The sealing 
compound must not be easily ignited. 

Trays shall be of close-grained seasoned hardwood, 
such as oak, maple, birch, etc., free from knots, checks 
or other imperfections, up to the standard known as 
No. 1. Ends are preferably to be of one piece each but 
may be of not more than two pieces, provided the joint 
is reinforced. The trays are to be lock-cornered and 
pinned top and bottom. Trays are to be painted inside 
and outside with at least two coats of acid-proof paint. 
The trays for batteries specified for medium and heavy 
truck service shall be provided with spacers and tie- 
bolts, or other construction to provide additional 
strength. 

Handles are to be of good quality steel or other 
malleable metal securely attached to ends of tray. 
Handles are to project above the intercell connectors 
to protect the connectors from the top of the battery 
box, but the overall height is not to exceed that pre- 
viously specified. Handles are to be coated with lead 
and then heavily coated with acid-proof paint. 

Electrolyte is to be a solution of sulphuric acid in 
pure water of density not exceeding 1.310 at 25 deg. 
cent. (77 deg. fahr.) when the battery is fully charged. 
When specified by the War Department for use in hot 
climates the density of acid at 25 deg. cent. (77 deg. 
fahr.) shall not exceed 1.225 under the same conditions. 
Tests of the Batteries 

Measurements of the ampere-hour capacity of the 
batteries are to be made at the following rates of dis- 
charge, or more, and the results are to be expresssd as 
the capacity at 25 deg. cent. (77 deg. fahr.). Tests 
are to be made with the normal density of acid not to 
exceed 1.310 at 25 deg. cent. (77 deg. fahr.). The rates 
and the end-voltages required are as follows: 


Rate of End-Voltage 
Discharge per Cell 
5-hr. 1.70 
20-min. 1.50 


The battery shall be completely charged and allowed 
to stand idle four weeks. The decrease in capacity at 
the end of this period when discharged at the 5-hr. 
rate shall not exceed 30 per cent. of the capacity as 
determined in the preceding paragraph. 

For 1 hr. the battery is to be subjected to a vibration 
consisting of a simple harmonic motion having a fre- 
quency of 1000 vibrations per min. through a vertical 
displacement of 5 mm. (0.2 in.). The battery is to be 
discharged at approximately the 5-hr. rate. It must 
maintain a steady voltage and current. The cell ter- 
minals must not become loose in the covers nor the 
electrolyte flood the top of the battery. At the con- 
clusion of this test the cells will be examined for broken 
connectors, straps and plates and for excessive sedi- 
ment. 

Samples of electrolyte are to be drawn with a clean 
pipette from the cells when fully charged. The maxi- 
mum allowable impurities in the electrolyte taken from 
the cells are as follows: 


Color none 
Suspended matter trace 
Platinum none 
Antimony and arsenic trace 
Manganese, per cent 0.005 
Tron, per cent 0.012 
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Copper, per cent 0.005 
Oxides of nitrogen trace 
Chlorides calculated as chlorine, per cent 0.012 
Organic matter trace 


State of Batteries at Time of Delivery as Required 

Batteries intended for immediate use or for wet 
storage where suitable facilities are available are to 
contain electrolyte and be fully formed and charged. 

Batteries in the bone dry condition are to have rubber 
separators only or an approved equivalent. The plates 
are to be fully formed. 

When delivered in a moist condition the wood 
separators are to be thoroughly wet with water. The 
plates and separators are to be free from acid in appre- 
ciable quantities. The vents of the individual cells are 
to be sealed in an approved manner. The plates are to 
be fully formed. 

When delivered dismantled for dry storage the plates 
are to be fully formed and dry. Wood separators are 
to be kept moist with slightly acidulated water in a 
suitable non-metallic container with cover. The indi- 
vidual parts are to be complete and to conform to the 
various sections of these specifications. 


Mororcyc.eE Division 


As a result of a series of tests, the Motorcycle Division 
has recommended the adoption of S. A. E. Standard steel 
specifications No. 1045 and 1010 in place of the chemical 
analyses specified in the S. A. E. Standards for Motorcycle 
Spokes and Nipples and Motorcycle Rims, the tests having 
shown that the small increase in the phosphorus content and 
the wider carbon range do not affect noticeably the physical 
properties of the finished parts. 


Non-FEerrRovus MeEtTaAts Division 


The Non-Ferrous Metals Division recently held a meeting 
at which it was decided to recommend a revision of the speci- 
fications for non-ferrous metals printed in S. A. E. HAnp- 
BOOK, Vol I, pages 11 to 13c, by discontinuing and adding 
certain specifications. The old specification numbers were 
retained where possible in order not to cause confusion in 
purchasing. The specifications have been grouped in a logical 
order as follows: 


White Bearing Metals Nos. 1 to 4 
Bronzes Nos. 5 to 12 
Brasses Nos. 13 to 17 
Wrought Metals Nos. 20 to 25 
Aluminum Alloys Nos. 30 to 32 


The final report of the Division will be presented at the 
Standards Committee Meeting Jan. 11, 1921. 


TIRE AND Rim Division 


On Nov. 22 the Tire and Rim and the Truck Divisions held 
a joint meeting in Cleveland at which there was discussed 
the advisability of revising the present S. A. E. Standard for 
Pneumatic Tires for Passenger Cars and Motor Trucks so 
as to include, with the exception of the 30 x 3% and 31 x 4- 
in. clincher tires, only straight-side tires having 24-in rim- 
seat diameters in the 31 x 3%, 32 x 4, 33 x 4%, 34 x 5, 36 x 
6, 38 x 7, 40 x 8, 42 x 9 and 44 x 10-in. sizes. The possibility 
and desirability of obtaining interchangeability of the 6, 7 
and 8-in. pneumatic tire rims was also discussed. 

In addition to the members of the two Divisions, repre- 
sentatives of the National Automobile Chamber of Commerce 
attended the meeting. 


Tractor Division 


The Tractor Subdivision on Belt Speeds and Belt and 
Pulley Widths at a recent meeting recommended that 


Pulley and clutch diameters for new equipment 
shall not be less than 12 in. and the pulley widths 
shall not be less than % in. wider than the belt 
required. 
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The question of governors on tractors was very thoroughly 
discussed and the danger of operating machines with a tractor 
without a governor was brought out and cases cited of 
threshing-machine cylinders bursting owing to tractors not 
equipped with governors increasing speed when the load on 
the machine was reduced or entirely taken off. The Subdi- 
vision therefore recommended that 


Farm tractors intended for belt operation shall 
be equipped with a governor and shall be designed 
so that a suitable speed indicating device may be 
attached. 


The Subdivision also recommended that tractor drive belts 
for all purposes shall have widths of 5, 6, 7, 8 and 9 in. 

The question of standard belt lengths was reviewed by the 
Division but no definite action was taken. 


RESUMPTION OF NORMALCY 


HE first law of nature is self-preservation. It is mani- 

fested in its highest form as patriotism, in its lowest 
as sordid greed. Between these two extremes appear all 
forms of selfishness, many of them by no means blame- 
worthy, others under control or not infrequently dormant, 
but nevertheless certain to manifest themselves when cir- 
cumstances compel. 

We hear that a new order of things has come to pass; 
that the “rights” of labor must now be respected; that the 
workman will hereafter have a greater share of the products 
of his toil; that he must share in the management of industry 
and have a recognized place in government and the like. 
To my mind the facts warrant none of these assumptions. 
There is no new order. Economic laws are the same as 
they have always been. They are as ruthless and as inex- 
orable as are the laws of physics. Neither has human nature 
changed. 

The individual workman cares no more for his fellow as a 
class than does the employer. It follows that a union must 
continue to succeed or it will disintegrate and disappear. 
The history of the last 30 years has recorded many once 
powerful unions, even the names of which are now almost 
forgotten. The Knights of Labor and The Amalgamated 
Associations of Iron and Steel Workers are examples. 

No material permanent change in either our social order or 
in our industrial structure is to be anticipated. In the contest 
between brains and brawn, waged since the world began, 
brains have always won and always will. Free play for the 
natural forces of trade can be counted on to exercise a bene- 
ficial influence, and they should be hampered and interfered 
with by government restrictions as little as possible. We 
cannot, of course, determine from history or from any fact 
at hand, how long a time it will take for conditions to be- 
come normal again.—Calvert Townley, president, American 
Institute of Electrical Engineers. 


COLLOIDAL FUEL 


URING the war the Submarine Defense Association de- 

veloped the so-called colloidal fuel, a mixture of oil and 
pulverized coal wherein the coal is held in suspension in the 
oil through the presence of a peptizing agent, called by its 
inventors the “fixateur.” The addition of 1 per cent of 
“fixateur” to a mixture of 60 to 70 per cent of oil and 40 to 
30 per cent of coal dust forms a sort of colloid suspension 
which remains homogeneous for long periods. It’ is claimed 
that this product may be used for oil-fired furnaces in about 
the same manner as fuel oil, and that it provides, when 
high-grade coal is used, a fuel of even higher calorific value 
per unit volume than the original oil—W. A. Hamor. 


OIL INDUSTRY 


by October 115 companies with an aggregate authorized 
capital of $496,968,000 were organized to engage in the 
various branches of the oil industry, compared with 76 
formed in September.—Journal of Commerce (New York). 


AMERICA’S BIG JOB 


HERE are maintained on American farms something 

like 25,000,000 work animals and 500,000 tractors, prin- 
cipally for the one job of plowing. This power is used for 
other purposes, but if plowing were eliminated the amount 
of power could be reduced by half. 

The top 7 in. of soil on a single acre is estimated to 
weigh 2,000,000 lb. In plowing this all has to be cut into 
slices and turned completely over. Multiply this by 500,000,- 
000, the approximate number of acres plowed every year, 
and we will gain some idea of the dirt that has to be moved. 

The farmers of the United States purchase between 1,500,- 
000 and 2,000,000 plows annually. There are still millions 
of acres, in Asia and other places, that are plowed with the 
same kind of a crooked stick used by our sylvan ancestors, 
but each year the area becomes smaller under the sales pres- 
sure of American plow factories. 

It is stated that the plow must be designed so that the 
greatest friction is at the point of the share, and from the 
point back to the end of the moldboard the friction must 
gradually diminish. If there is any point where the friction 
increases after the furrow has glided over an easy spot it 
will have a tendency to buckle and the plow will not scour. 
The decrease in friction must be constant and progressive by 
easy increments. 

The story is often told that when the plow designers first 
came in contact with the black waxy soils of Texas they tried 
out a number of models without success. No matter what 
style of moldboard they used the plows would not scour. 
Finally, in sheer desperation, they made up a: wooden mold- 
board and tried first one covering and then another. At last 
they tried pigskin. This gave the desired results, but of 
course it was an impractical material. However, they 
learned what sort of a surface was necessary. Their task 
then was to reproduce as nearly as possible the same effect 
with some kind of metal. 

The waxy lands of Texas are very difficult to handle, be- 
cause they are so fine and sticky, but when they contain the 
right quantity of moisture a good steel-moldboard plow will 
turn them. When dry, however, they are so hard that sharp 
heavy disc plows are the only kind that can be used. Mold- 
board plows cannot penetrate the soil. Heavy steel discs are 
used all through the semi-arid country where the soils are of 
a heavy type. 

In many other sections of the South ordinary steel mold- 
boards with a hard-steel share are used. This kind of plow 
is somewhat cheaper than a hard-steel plow or even a chilled 
plow, and where the soil is not abrasive it gives good service. 
Such a plow would not scour in the black prairie soils and it 
would soon cut to pieces in the sharp gravelly soils in most 
of the Eastern States. Where the soils are particularly 
sharp nothing stands up so well as chilled iron. 

The multitude of models and lack of standardization are 
trade evils in the plow business. If all farm machinery were 
standardized it would not be necessary for a manufacturer 
to have a large number of patterns; he would not be com- 
pelled to carry a great quantity of slow-moving stock; and 
dealers could easily keep a stock of spare parts for each of 
the limited number of models on their sales floors; manufac- 
turing costs would be much cheaper, there would be less 
trouble about getting repairs, and implements could be sold 
somewhat cheaper. 

Plowing will always remain the biggest single job in agri- 
culture and the biggest single job in the world. The welfare 
of all the peoples of the world depends upon how well and 


how thoroughly this job is accomplished—P. S. Rose in 
Country Gentleman. 


AGRICULTURE 


Aces represents a permanent investment of 
$80,000,000,000. The value of the products of this in- 
dustry for the last year amounted to $25,000,000,000.—Sec- 
retary of Agriculture Meredith. 
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Sections Calendar : 


: BUFFALO 

i Jan. 11 

? DAYTON 

: Jan. 18—Organization Meeting 

: DETROIT 

i Dec. 17 

: METROPOLITAN 

i Dec. 14—Joint meeting with Pennsylvania Sec- 

i tion. Tour of Yacht and Engine 

i Plant 

i Jan. 20—“Service,” by Cyrus J. Rankin. Visit 

: to large New York Service Station 

? Mip-WEsT 

: Dec. 3—F. E. Morton 

? MINNEAPOLIS : 
: Dec. 1—Present Status of the Tractor In- : 
: dustry : 
i Jan. 5—Future Outlook for the Tractor 

i Feb. 2—Fuels 

H March 2—Good Roads and Equipment 

i April 6—Tractor Service and Repair Equip- 

; ment 

URTHER interest continues to be displayed in the 


formation of new Sections. Among the centers of auto- 
motive interest in this country, none perhaps ranks higher 
than Washington, not of course from a manufacturing point 
of view, but from a standpoint of research and coordination 
with the military and naval establishments together with 
such civil divisions of the Government as the Bureau of 
Standards and the Bureau of Mines. There are therefore 
excellent reasons for even closer touch than now exists be- 
tween the Society and these various Government agencies, 
and the establishment of a permanent Section in Washington 


end in view, a committee of local members addressed a letter 
to all of those members of the Society in Washington and 
Baltimore announcing a meeting on Nov. 19 at. the Cosmos 
Club at which it was planned to take action on the formal 
organization of a Washington Section. This meeting, at 
which the origin, growth and aims of the Society were out- 
lined, resulted in the continuance of the temporary organiza- 
tion that was formed some time ago. 

The Society expects to receive, as a result of this oppor- 
tunity which Washington members now have of meeting on a 
common ground, a number of technical papers which should 
be of decided interest. The advantages to be derived from 
attendance at Section meetings should also do much to en- 
large the membership of the Society in Washington. 

In addition to the Washington meeting, the Boston and 
Detroit Sections also held their November meetings on the 
19th. The meeting at Detroit was held in the Board of 
Commerce Auditorium. A band concert and industrial mo- 
tion pictures were the special features provided. Other 
meetings in the last month included that of the Minneapolis 
Section on Nov. 3, at which the subject of Garden Tractors 
was discussed by S. V. Donald; one on Nov. 12 by the Mid- 
West Section at which Lubricating Oils was the subject; 
while W. H. Metcalf gave a talk before the Pennsylvania 
Section on Nov. 16 on the Relations between the Automotive 
Engineer and the Dealer and Owner. The first meeting of 
the Indiana Section for this season was scheduled for Nov. 20. 
The Metropolitan Section varied its series of technical meet- 
ings by substituting a Festival at the Hotel Astor on Nov. 17 
at which dancing was one of the principal features. C. D. 
Hanscom spoke before the Cleveland Section on Nov. 26 on 
Aerodynamics. 

The Metropolitan Section has invited the members of the 
Pennsylvania Section to attend a joint meeting at New York 
City on Dec. 14. Arrangements have been made to visit a 
large yacht and engine plant located in that city during the 
afternoon. The members of both Sections will attend the 
Motor Boat Dinner and Meeting in the evening. 





CORRECT ADDRESSES OF THE MEMBERS 


FORCE is maintained in the offices of the Society at 
New York City whose sole duty is to keep the addresses 
of the members uptodate. Approximately 200 changes of 
addresses are received each week by this department, and 
these are made promptly. In numerous cases the only notifi- 
cation which the Society has of a change of a member’s 
address is a letter stating that THE JOURNAL, or some other 
communication, was delayed in delivery or was not received 
at all. It is of course impossible for the office to have a 
correct list of addresses unless the members send in such 
changes promptly. Work on the 1921 membership roster 
has been begun and all members who are receiving mail ad- 
dressed improperly are urged to send their correct address 
to the office. 
A list of the members for which the Society has no correct 


address is given below. Communications sent to the last 
known business connection or mail address as it appears on 
the records have been returned to the New York office. Any 
one who can supply information regarding the present loca- 
tion of these members or offer any suggestions as to where 
their correct addresses can be obtained will confer a favor 
upon the Society by communicating with the Secretary at 
the New York office. It is only by the co-operation of the 
entire membership that a correct mailing list can be main- 
tained and the members receive THE JOURNAL and other 
communications promptly. 


BARKER, GEORGE R. 
Bonney, W. L. 
GREEN, L. P. 
HARDING, HERBERT P. 
JOHNSON, A. 


LEwIs, WILL I. 

Luzius, WILLIAM CHARLES 

McMILLAN, Horatio G. 

MILLER, JAMES A. 

THEISEN, ALEXANDER J. 
TUCKER, GORDON E. 





BRITISH COMMERCIAL AVIATION 


REIGHT valued at $1,000,000 has been transported by 
airplane out of the United Kingdom this year. This 
freight was carried in cargo planes to France, Belgium, Den- 
mark, Spain and Holland. Planes coming into England from 
the Continent carried $2,000,000 worth of imports. 

This last year 1325 airplanes have arrived from the Con- 
tinent and landed passengers and freight in Great Britain. 
They included 1079 British machines, 236 French planes, 9 
Belgian and 1 Swiss. The planes departing from Britain for 
the Continent aggregated 1455, of which 1206 were British, 


341 French, 7 Belgian and 1 Swiss. In analyzing conditions, 
however, the Air Ministry credits the United States Air 
Service as being the most successful mail service on earth. 

A round trip by airplane between London and Paris costs 
£18, while by rail and steamer it is about £8. One way costs 
£10 by airplane and £4 by rail and steamer. Freight by 
airplane is cheaper than by the old method, parcels and other 
small packages costing 1/3d. per lb. by airplane and from 


1% to 4d. per lb. by the old method.—C. L. Egtvedt in New 
York Times. 
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PERSONAL NOTES OF THE MEMBERS 


H. L. Blomstrom has accepted a position with the Cox 
Brass Mfg. Co., Albany, N. Y. He was formerly connected 
with the Pittsburgh Model Engine Co., Pittsburgh, as pro- 
duction manager. 

Edward E. Britigan, formerly engineer with the American 
Die & Tool Co., Reading, Pa., has accepted the position of 
consulting engineer with the Arthur L. Smith Motors, Inc., 
Portland, Ore. He is located at the Eastern headquarters 
of the organization in Reading, Pa. 

John A. Cerenka, who until recently was production man- 
ager of Templeton, Kenly & Co., .Ltd., Chicago, has been 
made manager of the sales department of the John R. Mul- 
lins Auto Co., San Antonio, Tex. 

L. S. Cope is no longer metallurgist for the Hoover Steel 
Ball Co., Ann Arbor, Mich., but has made arrangements to 
represent the Dannemora Steels, Inc., 17 Battery Place, New 
York City. 

J. L. Deering has been appointed managing director of the 
Giant Motor Truck Co., Vancouver, B. C., Canada. He was 
formerly Canadian salesman for the Aultman & Taylor Ma- 
chinery Co., Mansfield, Ohio, and was located at Vancouver. 

R. A. DeVlieg, for the past five years associated with the 
Dodge Bros. Co., Detroit, has been appointed chief engineer 
and factory manager of the Handley-Knight Co., Kalamazoo, 
Mich. 

Paul W. Eells has been appointed assistant professor of 
mechanical engineering at the Iowa State College, Ames, 
Iowa. He was formerly research engineer with the LeRoi 
Co., Milwaukee. 

G. A. Ek has become affiliated with the Automotive Cor- 
poration, Toledo, Ohio, in charge of engineering. He was 
formerly engineer in the experimental department of the 
Moline Plow Co., Moline, Ill. 

Fay Leone Faurote has started a technical correspondence 
service known as Ideas, Garden City, N. Y. He was pre- 
viously manager of the educational department of the Cur- 
tiss Engineering Corporation, also of that city. 

Lisle Howard Gaylord, who until recently held the posi- 
tion of chief draftsman of the axle process engineering divi- 
sion of the General Motors Corporation, Detroit, has become 
engineer at the Detroit office of the New Departure Mfg. 
Co., Bristol, Conn. 

Christian Girl, recently president of the Kalamazoo Spring 
& Axle Co., Kalamazoo, Mich., and formerly holding the same 
office with the Standard Parts Co., Cleveland, has organized 
the C. G. Spring Co., Kalamazoo, Mich., of which he is pres- 
ident. 

Harry E. Harris, president and consulting engineer Hub- 
bard & Harris, Inc., has been elected president and treasurer 
of Hubbard, Harris & Rowell, Inc., Bridgeport, Conn., the 
formation of the new corporation having been authorized at 
a recent meeting of the stockholders of Hubbard & Harris. 
Ralph K. Rowell, who was formerly equipment engineer with 
the International Motor Co., was elected vice-president and 
will have charge of the designing of special equipment and 
grinding machines. 

John A, Howlett has been appointed manager of the field 
service department of the Dashiell Motor Co., Chicago. He 
was at one time located at Camp Mormoyle, San Antonio, 
Tex. 

Floyd B. Hubbard, who formerly was assistant chief en- 
gineer of the Buda Co., Harvey, Ill., has become chief engi- 
neer and production manager of the tractor department of the 
Parrett Tractor Co., Chicago Heights, Ill. 

O. E. Hunt, formerly vice-president of the Mercer Motors 
Co., Trenton, N. J., now holds the same office with the Hare’s 
Motors, Inc., 16 West 61st Street, New York City. 

William H. Kelley has become affiliated with the Superior 
Utility & Supply Co., 612 East 19th Street, New York City. 
He was formerly service manager of the Winther Truck Co., 
also of New York City. 

A. W. Kuebler, who was formerly general superintendent 
of the Stromberg Motor Devices Co., Chicago, has accepted 


a position as general manager with the Expert Tool & Mfg. 
Co., also of that city. 

C. W. Lincoln has entered the employ of the Lufkin Rule 
Co., Saginaw, Mich., as. special. machine designer. He for- 
merly held a similar position ‘with the Carroll Engineering 
Co., Dayton, Ohio. 

Albert G. Lindenthal, who until recently was assistant en- 
gineer in the motor testing laboratory of the Buick Motor 
Co., Flint, Mich., has become engineer for the General Mo- 
tors Export Co., 1764 Broadway, New York City. 

J. C. Linn, formerly works manager for the Teetor-Hart- 
ley Motor Corporation, Hagerstown, Ind., has accepted a 
position as assistant chief engineer for the Ansted Engineer- 
ing Corporation, Connersville, Ind. 


P. R. Mattix has joined the production force of the Steel 
Products Co., Cleveland. - 

Clair B. Owen has severed his connection with the Cadillac 
Motor Car Co., Detroit, where he held the position of as- 
sistant to the production manager, and has joined the engi- 
neering department of the Lincoln Motor Co., of the same 
city. 

Raymond W. Randall has become general manager of the 
Toledo Automotive Products Co., Toledo, Ohio. He was pre- 
viously manager of the gas engine department of the Kohler 
Co., Kohler, Wis. 

Louis F. Renault has accepted a position as chief engineer 
of the American Motors Corporation, Plainfield, N. J. He 
was previously assistant chief engineer for the Fulton Motor 
Truck Co., Farmingdale, N. Y. 

I. R. Robinson has left the Naval Aircraft Factory, League 
Island Navy Yard, Philadelphia, to accept an appointment 
as chief of the division of illustration in Pennsylvania De- 
partment of Labor and Industry, Harrisburg. 

Edward Ropp until recently president, general manager 
and engineer of the Ropp Motor Co., Chicago, has been made 
president and chief engineer of the Marvel Motor Co., 4239 
West Madison Street, Chicago. 

James Ross, previously mechanical engineer for the Bryan 
Harvester Co., Peru, Ind., has joined the forces of the Ad- 
vance-Rumely Co., LaPorte, Ind. 

R. K. Schriber has been elected vice-president of the Uni- 
versal Products Co., Sandusky, Ohio. He was formerly 
president of the H. D. Doman Co., Oshkosh, Wis., which was 


-recently purchased by the Universal Products Co. 


The item which appeared on page 484 in the November 
issue of THE JOURNAL stating that Harry A. Schwartz, who 
was previously connected with the Defiance Machine Works, 
had been appointed manager of research of the National Mal- 
leable Castings Co., Cleveland, was an error. It was caused 
by the fact that there are two members of the Society having 
the same name. The one about whom the item was printed 
was elected in 1919 and is at the present time chief engineer 
of the Defiance Machine Works, Defiance, Ohio. The Harry 
A. Schwartz who is manager of research of the National 
Malleable Castings Co. was recently elected as a member 
of the Society. 

Herbert M. Smith has become connected with the Baker- 
Fisk-Hugill Co., Cleveland. He was previously employed by 
the American Six Sales Co., also of Cleveland. 

Frank B. Swartwout has accepted a position as checker and 
layout man in the engineering department of the Cleveland 
Tractor Co., Cleveland. 

F. C. Thompson, manager of the Detroit office of the Morse 
Chain Co., is now located at the new plant of the company 
at Eighth and Abbott streets, that city. The automobile 
sales and engineering offices, which were formerly located 
at 1003 Woodward Avenue, have been transferred to the 
plant. 

Adrian Van Mufffing, lecturer on aeronautics, College of the 
City of New York, has opened an office as automotive and 


aeronautical consulting engineer at 299 Madison Avenue, 
New York City. 
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Applicants 
Qualified 


The following applicants have qualified for admission 
to the Society between Oct. 10 and Nov. 10, 1920. The 
various grades of membership are indicated by (M) 
Member; (A) Associate Member; (J) Junior; (Aff) 
Affiliate; (S M) Service Member; (F M) Foreign Mem- 
ber; (E S) Enrolled Student. 








AKRON RUBBER MoLpD & MACHINE Co., (Aff) 917 Sweitzer Avenue, 
Akron, Ohio. Representatives: Leavitt, A. H., assistant sales 
manager; Wilson, E., sales manager. 

AMERICAN PETROLEUM INSTITUTE (Aff) 15 West Forty-fourth Street, 
New York City. Representative: Welch, R. L., general secre- 
tary and counsel. 

ASHLEY, E. G. (A) manager, Hall & Pickles, Ltd., 64 Port May 
Street, Manchester, England. 

Bascock, WALTER F. (J) assistant chief draftsman, Foote-Burt 
Co., Cleveland, (mail) 12101 Philips Avenue, Northeast. 
BAENDER, FRED G. (M) professor of heat power engineering, State 

University of Arkansas, Fayetteville, Ark. 

BAKER, Davip B. (M) assistant chief engineer, tractor department 
International Harvester Co., Chicago, (mail) 2326 South Mil- 
lard Avenue. 

BAYSTON, JOHN R. (J) head of automobile engineering department 
American School of Correspondence, Chicago, (mail) 1960 
Sunnyside Avenue. 

BLACK, DONALD R. (M) engineer, A. & D. R. Black, Evening Star 
Building, Washington. 

BLAKE, H. FRASER (A) sales engineer, Doehler Die-Casting Co., 
Brooklyn, N. Y., (mail) 880 West 181st Street, New York City. 

Bioom, EpGar J. (A) manufacturer, Bloom Flusher Co., Tiffin, Ohio. 

BorGEerRD, W. F. (M) assistant chief engineer of stationary engines, 
tractor works, International Harvester Co., 2600 West 3ist 
Boulevard, Chicago. 

Brapy, ARTHUR C. (J) designing engineer, Curtiss Engineering 
Corporation, Garden City, N. Y., (mail) 50 West End Avenue, 
Manhattan Beach, N. Y. 

BRIMBLE, GEORGE D. (M) assistant chief draftsman, Transport 
Truck Co., Mount Pleasant, Mich. 

BrRoKAW, CLIFFORD (M) director technical schools, West Side Y. M. 
C. A., New York City, (mail) 68 West 162nd Street. 

Burcer, L. F. (M) chief engineer of stationary engines, tractor 
works, International Harvester Co., Chicago, (mail) Herrick 
Road, Riverside, Ill. 

BuTLER, ARTHUR G. (J) layout draftsman, Curtiss Aeroplane & 
Motor Corporation, Garden City, N. Y., (mail) 234 River Ave- 
nue, Patchogue, N. Y 

CASSERKY, GRAHAM (A) assistant to research engineer, Hare’s 
Motors, Inc., Bridgeport, Conn., (mail) 554 Carrol Avenue. 

CHIEVITZ, WILLIAM J. (M) experimental engineer, Cleveland Auto- 
mobile Co., Euclid Avenue and London Road, Cleveland. 

CHOATE, F. P. (A) department manager, Sears, Roebuck & Co., 
Chicago. 

CorRcORAN, Lou A. (A) manager, stamping division, Zenite Metal 
Co., 201 North West Street, Indianapolis. 

CRAWFORD, JAMPS M. (M) chief engineer, Allen Motor Co., 400 
Dublin Avenue, Columbus, Ohio. 

CRUICKSHANK, JAMES A. (M) chief engineer, Interstate Foundry 
Co., 5939 West 66th Street, Chicago. 

DENVER Rock Dritt Mre. Co. (Aff) 39th and Williams Streets, 
Denver, Col. Representative: Skaer, A. H., vice-president and 
works manager. ’ 

Dimeo, JAMEs J. (A) general superintendent, Jaxon Co., 1014 Jack- 
son Street, Toledo, Ohio. 

DreEsseR, DaANreL lL. R. (J) service manager, Dechert & Walkers 
Motors Co., 288 Belmont Avenue, Springfield, Mass. 

ELCONIN, E. V. (M) chief engineer, Eaton Axle Co., Cleveland. 

Eves A. P. (M) chief chemist and metallurgist, International Har- 
vester Co., Chicago, (mail) 6224 Eberhart Avenue. 

FLYNN, F. K. (A) chief engineer, Luce Sugar Cane Harvester Co., 
Watertown, Wis., (mail) 1 Main Street. 

Fry, H. DeELone (A) importer and exporter, H. DeLong Fry & Co., 
20 Broad Street, New York City. 

GALLIVAN, JOHN M. (E S) student, Syracuse University, Syracuse, 
(mail) 213 West Hickory Street, Canastota, N. Y 

GARDNER, GILBERT M. (M) consulting representative, engineering 
division, Air Service, c/o Wittemann & Lewis Aircraft Corpo- 
ration, Hasbrouck Heights, N. J. 


GRIFFITH. R. R. (M) instructor. University of Minnesota, Mechani- 
cal Engineering Building, Minneapolis. 

Haccarr, J.-C., JR. (M) assistant chief engineer, Republic Motor 
Truck Co., Ine., Alma, Mich. 

HeatTu, Lee M, (J) draftsman, Chevrolet Motor Co., Long Island 
City, N. Y., (mail) 202 Ridgewood Avenue, Brooklyn, N. Y. 


HEBBELN, Louis (J) draftsman, O. E. Szekely Co., Moline, IIl., 
(mail) 2006 Marquette Street. 

HEINISH, GEORGE (J) draftsman, Paragon Motor Car Co., Cleve- 
land, (mail) 3220 West 61st Street. 

HERMAN, ISER (J) aeronautical draftsman, Massachusetts Institute 
of .Technology, Cambridge, Mass. 

HERTZLER, ARTHUR G. (A) sales and purchase manager, Bearings 
Co. of America, Lancaster, Pa. 

HOLCOMB, WALTER W. (A) garage manager, Fisk Rubber Co., Chico- 
pee Falls, Mass., (mail) 55 Northampton Avenue, Springfield, 
Mass. 

HOLSTEAD, JOHN W. (M) mechanical engineer, E. W. Bliss Co., 
Brooklyn, N. Y., (mail) 244 Sixth Avenue. 

HOwWATT, GERALD (M) national service manager, Willard Storage 
Battery Co., Cleveland, (mail) 3203 Whitethorn Road. 

HUTCHINSON, THOMAS MASssIE (F M) chief inspector of motor 
transportation, British Army, London, (mail) 57 Alexandra 
Road, Wimbledon, England. 

JACOBI, EDWARD (M) chief engineer, Briggs & Stratton Co., Mil- 
waukee, Wis., (mail) 204 25th Street. 

KeaGy, A. REUEL (J) assistant sales engineer, Republic Motor 
Truck Co., Inc., Alma, Mich., (mail) 531 State Street. 

KILBOURNE & Jacoss Mra. Co. (Aff) Lincoln and Fourth Streets, 
Columbus, Ohio. tepresentatives: Hileman, H. B., assistant 
general manager; VandeWater, S. R., consulting engineer. 

KINDL, CARL H. (M) designing engineer, Westinghouse Electric & 
Mfg. Co., East Pittsburgh, Pa., (mail) 511 Sheridan Avenue, 
Pittsburgh. 

KOELLNER, LOvIE F. (J) draftsman, Fulton Iron Works, St. Louis, 
Mo., (mail) 4514 Lewis Place. 

Kocer, EsTenN B. (A) experimental pilot, bureau of engineering, 
Navy Department, Navy Building, Washington. 

LANDRUM, MARK, JR. (J) instructor in manual arts, Sutter Creek 
Union High School, Sutter Creek, Cal., (mail) 425 East Hazel- 
ton Avenue, Stockton, Cal 

LEACH, Harry G. (J) engineer, Electrical Industries Mfg. Co., 326 
West 4lst Street, New York City. 

LIBBEY, JAMES T. (A) sales engineer, Doehler Die-Casting Co., 
Brooklyn, N. Y., (mail) 48 Garfield Building, Detroit. 

LORING, ERNEST J. (M) mechanical engineer, aircraft armament 
division, Ordnance Department, Frankford Arsenal, Philadel- 
phia, (mail) 1033 Herbert Street, Frankford, Pa. 

McLAUGHLIN, WILSON (M) engineer, Muskegon Motor SpeciaJties 
Co., North Terrace Street, Muskegon, Mich 

MACDONALD, Howarp D. (M) assistant manager, gas power engi- 
neering, International Harvester Co., 606 South Michigan Ave- 
nue, Chicago. 

MADDEN, E. B. (M) chief engineer and factory manager, Comet 
Automobile Co., Decatur, Jll., (mail) 268 Stewart Avenue 
MERRILL, ALDEN (M) technical supervisor, American Brass Co., 446 

Military Road, Buffalo, N. Y. 

Morris, A. C. (J) designer, Simplex Short Turn Trailer Co., Lugro, 
Ind. 

NEELY, E. HArotp (M) sales engineer, Standard Steel & Bearings 
Co., Philadelphia, (mail) 646 North Meridian Street, Indian- 
apolis, Ind. 

NEUTEBOOM, B. B. (M) consulting engineer, Taylor & Neuteboom, 
1540 David Whitney Building, Detroit, Mich. 

OVERSMITH, RALPH E. (J) chief engineer, Buffalo Truck & Tractor 
Corporation, 37 Carolina Street, Buffalo 

O’NEAL, E. P. (J) instructor, Okmulgee Vocational High School, 
Okmulgee, Okla. 

PAGE, EMMETT L. (M) assistant production manager, Oakland 
Motor Car Co., Pontiac, Mich., (mail) 73 Henry Clay Avenue. 

PALMER, RALPH B. (M) engineer, J. W. Murray Mfg Co., Clay 
and St. Alburn Avenues, Detroit, (mail) 184 King Avenue. 

PALMGREN, CHARLES A. (M) manager of works, Pittsburgh Model 
Engine Co., Pittsburgh, (mail) P. O. Box 958. 

PARKHILL, GEORGE B. (M) engineer, All-American Truck Co., Chi- 
cago, (mail) 305 High Street, Mount Pleasant, Mich. 

PARTRIDGE, A. G. (A) vice-president, Firestone Tire & Rubber Co., 
Akron, Ohio 

PFAUSER, Epwarp M. (J) chief engineer, Texas Motor Car Asso- 
ciation, Fort Worth, Tex., (mail) 504 Lipscomb Street. 

PFEIFFER, CLARENCE (J) body engineer, William Pfeiffer Auto & 
Carriage Works, Omaha, Neb., (mail) 1121 Park Avenue. 

PIERCE, GEORGE W. (A) manufacturer, Pierce Governor Co., Ander- 
son, Ind. 

PICKETT, E. V. (A) sales engineer, Bissinger Co., Cleveland, (mail) 
2298 Bellfield Avenue. 

PUTNAM, W. P. (M) president and general manager, Detroit Test- 
ing Laboratory, 674 Woodward Avenue, Detroit. 

QueEtTscH, L. J. (M) manager, engineering department, A. M. Castle 
& Co., 715 North Morgan Street, Chicago. 

REEPMAKER d’ORVILLE, THEODORE L. (M)_research development 
engineer, Standard Steel Spring Co., Coraopolis, Pa., (mail) 
P. O. Box 88, Sewickley, Pa. 

REISSER, Harry (A) sales engineer, Link-Belt Co., Indianapolis. 

RoBERTS, EUGENE D. (M) vice-president and general manager, 
Puget Sound Iron & Steel Works, Canal Street, Tacoma, Wash. 

RossMASSLER, CARL (M) instructor in charge of machine design, 
Cooper Union, New York City (mail) 124 State Street, Brook- 
lyn, N. Y. 

R0TERT, Harry E. (A) sales inspection engineer, Timken-Detroit 
Axle Co., Detroit, (mail) 1403 Conway Building, Chicago. 
Rouse, W. Bryan (A) chief engineer, Lack Mfg. Co., Paducah, 

Ky., (mail) Avondalle Heights, Ky. 

SayYLor, Parry D. (A) vice-president and general manager, Dun- 
lop Tire & Rubber Corporation of America, Buffalo, N. Y., 
(mail) P. O. Box 448. 


SCHLACHTER, DEAN H. (A) supervisor motor mechanics school, 
Fort Crook, Neb., (mail) 2333 South 35th Avenue, Omaha. 
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SCHNEIDER, WILLIAM G. (J) electrical engineer, Maxwell Motor 
Co., Detroit, (mail) 140 Calvert Avenue. 

SELLS, OSBORNE P. (M) Eastern district engineer, Double Seal 
Ring Co., Chicago, (mail) 1834 Broadway, New York City. 
SLATER, R. J. (J) experimental engineer, Chandler Motor Car Co., 

Cleveland, (mail) 472 East 124th Street. 

SLOYAN, JEROME J. (J) service engineer, General Ordnance Co., 
New York City, (mail) 28 East Kingsbridge Road. 

SmitH, CHARLES H. (A) sales manager and sales engineer, Alle- 
gheny Gear Works, Pittsburgh, Pa. - 

SPERRY, LEONARD Boyp (M) chief engineer of tractors, Interna- 
tional Harvester Co., Chicago, (mail) P, O. Box 587, River- 
side, Ill. 

Srarr, C. F. (A) general manager, Perfecto Gear Differential Co., 
King and North Streets, Bellingham, Wash. 

STEVENS, WILLIAM CLIFFORD (A) sales manager, Cutler-Hammer 
Mfg. Co., Milwawkee, Wis., (mail) P. O. Box 1564. 

Strom, HERBERT A. (M) chief engineer, truck axle division, Eaton 
Axle Co., Cleveland, (mail) 14419 Alder Avenue, Hast Cleve- 
land, Ohio. 

THOMAS, BEN (M) engineer magnetic shift department, Cutler- 
Hammer Mfg. Co., Milwaukee, Wis., (mail) 3012 Chestnut 
Street. 

THOMPSON, BuRT D. (A) sales engineer, Charles A. Strelinger Co., 
149 East Larned Street, Detroit. 

THROCKMORTON, GEORGE K. (A) manager, isolated plant depart- 
ment, Sears, Roebuck & Co., Chicago, (mail) 3916 Jackson 
Boulevard. 

ToLMAN, EpGAR B., Jr. (M) president, Tolman-Reeve Engineering 
Corporation, 3104 Michigan Avenue, Chicago. 

TREVOR, KarRL Ropert (M) laboratory engineer, H. H. Franklin 
Mfg. Co., Syracuse, N. Y., (mail) 438 Columbus Avenue. 
Watts, W. A. (M) chief of experimental department, Massey 

Harris Co., King Street, West, Toronto, Ont., Can. 

WELLS, MitTON Howarp (M) assistant to president, director of 
purchasing and chief engineer, W. H. Allison Co., Detroit, 
(mail) 387 Canfield Avenue, East. 

WERTHEIM, CHARLES (A) sales engineer, Doehler Die-Casting Co., 
Brooklyn, N. Y., (mail) 1522 New York Avenue. 

WHITNEY, Maurice P. (J) development engineer, Eclipse Machine 
Co., Elmira, N. Y., (mail) 128 West 12th Street, Elmira 
Heights, N. Y. 

WILLs, JOHN H. (A) president and general manager, John H. 
Wills Sales Co., Inc., 360 Belleville Avenue, Newark, N. J. 
Woops, WitLtiam H. (J) draftsman, Service Motor Truck Co., 

Wabash, Ind. 

WrIGHT, BERNARD F. (M) chief engineer, Republic Motor Truck 
Co., Inc., Alma, Mich., (mail) 424 Park Avenue. 

Younc, FreperRiIcK C. (J) assistant chief chemist, Ford Motor Co., 
Highland Park, Mich., (mail) 870 Concord Avenue, Detroit. 
ZIMMERMAN, OLIVER BRUNNER (M) engineer, experimental depart- 
ment, International Harvester Co., 606 Michigan Avenue, 

Chicago. 

ZUMMACH, JOHN G. (M) chief engineer and assistant factory man- 
ager, Perfex Radiator Co., Racine, Wis., (mail) 1620 Holmes 
Avenue. 








Applicants 
for 


Membership 


The applications for membership received between Oct. 
16 and Nov. 19, 1920, are given below. The members of 
the Society are urged to send any pertinent information 
with regard to those listed which the Council should have 
for consideration prior to their election. It is requested 
that such communications from members be sent promptly. 








AMADON, CHARLES S., broach designer, New London, Conn. 
APPLEBY, FRED., designer, Holt Mfg. Co., Peoria, Ill. 


ARMSTRONG, V. M., assistant purchasing ageut, Stutz Motor Car Co., 
Indianapolis, Ind. 


Avucock, HERBERT, Herbert Aucock Co., Boston. 


AupE, JoHN R., shop and service manager, Maxwell-Chalmers Co., 
Brooklyn, N. Y. 

BaILey, CHARLES E., sales and advertising manager, Paragon Motor 
Car Co., Connellsville, Pa. 

BarBour, Epwarp L., charge of production contracts, International 
Nickel Co., New York City. 


BARNARD, GEORGE A., 2NpD, acting automobile engineer, Graton & 
Knight Mfg. Co., Worcester, Mass. 


BartTuskKa, JoHN F., engineer, Maremont Mfg. Co., Chicago. 
BASKERVILLB, DEAN E., body engineer, Dodge Bros., Detroit. 


BECHTLOFFT, CLAUDE B., experimental engineer, Bijur Motor Appli- 
ance Co., Hoboken, N. J. 


BELL, JAMES A., secretary and general manager, Menominee Motor 
Truck Co. of Wisconsin, Clintonville, Wis. 

BENNINGHOFF, WILLIAM E., time study engineering, Western Auto- 
matic Machine Screw Co., Elyria, Ohio. 

BLAKE, ORMOND L., president and general manager, Blake Engi- 
neering Corporation, Detroit. 

BICKNELL, G. M., chief engineer, Carter Carbureter Co., St. Louis. 


BRERETON, FREDERICK R., checker and assistant to chief draftsman, 
Splitdorf Electrical Co., Newark, N. J. 


CHILSON, CLARENCE E., manager, Chilson Oil Co., Fargo, N. D. 


CLARK, REGINALD, assistant superintendent, J. H. Williams & Co., 
Buffalo. 


CLEAVER, BENJAMIN J., experimental engineer, Briscoe Devices Co., 
Pontiac, Mich. 

COLEMAN, CHARLES T., powerplant section, Bureau of Standards, 
Washington. 


COLSTAD, CHARLES N., chief engineer, National Chain Motor Service 
Corporation, Boston. 


De SMET, Epcarp C., assistant chief engineer, Pan Motor Co., 
St. Cloud, Minn, 


DE VIGNIER, RoBerRT Morr, chief engineer, American Vulcanized 
Fibre Co., Wilmington, Del. 


DICKSEE, CEDRIC BERNARD, Westinghouse Electiic & Mfg. Co., East 
Pittsburgh, Pa. 

DuGGaANn, T. O., Pacific Coast representative, Chanslor & Lyon Co., 
San Francisco. 

EBERLE, J. P., stockkeeper and service worker, Blocker & Bourlind, 
Fort Smith, Ark. 

ELLER, ULYSSES GRANT, JR., draftsman, Dodge Bros., Detroit. 

FAHNESTOCK, MURRAY, technical editor, Trade Press Publishing Co., 

Milwaukee. 

FEILER, ALLEN, designer, Splitdorf Electrical Co., Newark, N. J. 

FENNER, PAUL R., manager of manufacturing, R-S Mfg. Co. 
sas City, Mo. 

FRIEL, Lester D., tractor designer, Emerson-Brantingham Co., 
Minneapolis. 

FREEMAN, GEORGE W., mechanical supervisor, Buick Motor Co., 
New York City. 

GOTTLIEB, MARSHALL D., mechanical engineer, Single Sleeve Motors, 
Inc., Chicago, 


HANNA, W. H. Mark, sales engineer, Bethlehem Spark Plug Co., 
Inc., Bethlehem, Pa. 
HAVENS, SAMUEL M., assistant treasurer and works manager, 
Ingalls-Shepard division, Wyman-Gordon Co., Harvey, IIl. 
HARRIMAN, DANIEL F., chief engineer, Scientific Automotive Cor- 
poration, Hoboken, N. J. 

HECHT, ALEXANDER S., general manager, Guaranteed Magneto Parts 
Co., New York City. 

HEYMANN, BRUNO, dean and head of engineering department, Cali- 
fornia School of Mechanical Arts, San Francisco. 

HIGLEY, FRANK R., student, law school of Harvard University, 
Cambridge, Mass. 

HoOURWICH ISKANDER, aeronautical mechanical engineer, engineer- 
ing division, Air Service, Dayton, Ohio 

HUMMER, CHARLES J., chief engineer, Vreeland Motor Co., Inc., 
Newark, N. J. 

JONES, ABNER C., metallurgical engineer, Electric Steel Co., Chicago. 


JONES, RicHarD L., president, Auto Leather Mfg. Co., Inc., Arling- 
ton, N. J. 


JontTz, G. F., chief inspector, tractor works, Moline Plow Co., Rock 
Island, Ill. 


, Kan- 


KEEL, CHARLES H., patent attorney, Curtiss Aeroplane & Motor 


Corporation, Garden City, N. 


KING, LESLIE E., solid and pneumatic tire designer, Kuhlke Ma- 
chine Co., Akron, Ohio. 


Kroyer, J. M., manufacturer, Kroyer Motors Co., Stockton, Cal. 
LAMBERT, G. F., chief engineer, Kroyer Motors Co., Stockton, Cal. 


LEET, ALBERT B., chief draftsman, Rockford Drilling Machine Co., 
Rockford, Ill. 

LEFEvrE, C. D., Sections Secretary, Society of Automotive Engi- 
neers, New York City. 

LINTING, G. T., chief tool engineer, Stutz Motor Car Co. of America, 
Inc., Indianapolis. 


Lupwick, H. V., chief engineer, Budd Wheel Corporation, Phila- 
delphia. 


Lux, G. J., chief engineer, Detroit Gear & Machine Co., Detroit. 
McDoNaALD, Harry T., designer, Holt Mfg. Co., Peoria, III. 


McGraw, E. J., production supervisor, Kelly-Springfield Motor 
Truck, Co., Springfield, Ohio. 

May, C. N., master engineer, Empire Welding Co., Croyden, England. 

MipcLey, A. H., chief engineer and adviser, C. A. Vanderwell & Co., 
Ltd., London, England. 


MILLER, G. REYNOLDS, general purchasing agent, Daniels Motor Co., 
Reading, Pa. 


MINER, Ropert I., sales engineer, Bossert Corporation of Utica, 
Utica, N. Y. 


MurPHY, EUGENE ALLSTON, purchasing engineer, Denby Motor Truck 
Co., Detroit. 

MurpPHy, THOMAS A., traveling representative, Universal Battery 
Co., Chicago. 

MurRAY, JOSEPH J., general manager, P. A. Murray & Co., Newton, 
Mass. 

NANSEN, W. D., draftsman, Moon Motor Car Co., St. Louis. 


NELSON, HENRY C., vice-president and general manager, Mullins 
Body Corporation, Salem, Ohio. 
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Special committees, work of 128 

Standards committee personnel 303 

Standards committee session at sum- 
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Summer meeting at Ottawa Beach 1 
Tractor dinner at Columbus 355, 407, 
Treasurer’s report at summer meeting 4 
Use of the name 436 
Winter meetings 407 


Safety, Federal air regulations important 
Salt in oil wells, coming of 325 


Saturation point 346 
Saving fuel with carbureter (W BD Lay) 
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Scheduling an order for production 34 
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Moror-TRUCK DEVELOPMENT Ex- 
PERIENCES 375 
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Shock effect of pneumatic tires 370 
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systems (A G Drefs) 33, 470 
Short-haulage problem 400 
Silent Chain Division, S A EB, personnel 304 
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Single-disc metal wheels (A L Putnam) 437 
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computations 29 
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ENGINE GASOLINE SURVEY 300 
Some of the factors involved in fuel 
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Spark-Plugs 
Gaps and current values 540 
Position 395 
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Tests 478 
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Spark values, comparative 
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Lubricant specifications 
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Constituents, characteristics and uses 

of stainless 350 
Critical points in heat-treatment of 432 
Heat-treatment of high chromium (H J 

French) 103 
Method for identifying stock 555 
Most suitable, for automobile parts 

(Dr W H Hatfield) 327 
Nickel-chromium for automobile parts 327 
Nickel, for automobile parts 327 
Quenching and tempering temperatures 104 
Siemens for automobile parts 327 
Stellite and stainless (Elwood Haynes) 349 
Valve and spring 328 


Stellite and stainless steel (Elwood 
Haynes) 349 


STOCKFLETH, B, ON TRACTOR ENGINE 
TEST 84 
Storage batteries and auxiliary devices 281 
Stresses 
Analysis of wing truss 48 
Optical determination of, in airplane 
spars 393 
Relation of rib spacing to, in wing 
planes 391 
Strain relations in wing plane fabric 391 
Students enrolled, engineering 352 
Study of road impact and spring and tire 
deflection (A EF Masury) 96 
Style and automobile body types 267 
Subgrade of highways 431 
Submarine U-117, Diesel engine of the 
German, (Com H C Gibson) 15 
Submarines, period of shafting 123 
Summer meeting plowing-speed tests 274 
Summer Meeting 
Constitutional amendment discussion 145 
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Fuel sessions 121 
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Supercharged engine and airplane per- 
formance 302 
Supercharger problems 32 
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Tank attack experiments 74 
Tanks 
Armor for airplane gasoline 555 
Gasoline, in tractors 325 
Rubber armor for airplane gasoline 555 
TAYLOR, CoL B, ON MILITARY AND COM- 
MERCIAL MOTOR TRANSPORTATION 316 
Telephoning via cable wire, experiment 
in 435 
Temperatures 
Fuel mixture 26 
Ignition, of alcohol and other vapors §22 
Ignition, of vapors heated separately 522 
Intake-manifold, and fuel economy (W 
S James, H C Dickinson and S W 
Sparrow) 131, 451 
Quenching and tempering for steel 104 
Surface area to give proper mixture 28 
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NEED TO SUPPLEMENT PNEUMATIC- 
TIRE EQUIPMENT 369 
Tentative report of the National Screw 
Thread Commission 317 
Test block and service conditions 123 
Testing a Hispano-Suiza engine 63 
Tests to check safe vehicle speeds 351 
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Testing from the user’s standpoint 
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Moyer) 232 WI I 
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Single-disc metal (A L Putnam) 437 
Welding Standardization of hubs 444 
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aa etitclen 42 WHITE, PERCIVAL, ON OPERATING SPEEDS 
Repairs to motor vehicles ~ OF AGRICULTURAL IMPLEMENTS 47, 467 
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Harold Almert Arnold J. Halbfass 


CONSULTING ENGINEER, TECHNICAL COUNSEL 


APPRAISALS, AUDITS AND REPORTS Consulting Engineer 
FOR FINANCING, INSURANCE, TAXATION AND COST ACCOUNTING, . a ae : ‘ 
FACTORY POWER PLANT DESIGN, TRANSMISSION AND UTILIZA- MECHANICAL, AUTOMOTIVE, INDUSTRIAL 
TION OF POWER 


209 S. LA SALLE S'T., CHICAGO. NISCHENWEG 11 BERNE, SWITZERLAND 





Joseph A. Anglada ae 


A service in the investigation and reporting on new auto- 
motive apparatus or complete vehicles. Tests—construc- 


Alexander Klemin 





ti and development work. Our engineers will help you Y “4 ; ° 7 . 
salve that seublen. Write for particulars of seevies.” Consulting Aeronautical Engineer 
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& Consulting Aeronautical Engineers @ mechanical—automotive—industrial 
sittin aint wm am y i | Coordination of engineering and manufacturing requirements in the design, 
EVENING STAR BUILDING on and operation of automotive power plants and vehicles. 
, ran . \ esign, Development, Specifications, Organization 
WASHINGTON, D. C. Inspection, Investigation, Tests and Reports ; 
. ule + LA) a ee | 250 West 54th Street, New York City. 
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Electrical and Mechanical Engineer mene and Efficiency Engineer 
AUTOMOTIVE DESIGNS AND CONSULTING Ses Cae aha eee 
870 Woodward Avenue, Detroit, Michigan | Production and Efficiency Methods Installed. 
qpenanens in ae and Passenger Car Chassis 539 State Street Springfield Mass. 
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Magnetic-Research Engineer aaa =. Wigan M. E. 


ee ja. eS a CONSULTING ENGINEER 
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| 2817 Laboratory agazine Oiling Systems for Springs, Shackles and Universal Joints 


_ Telephones, Tompkinsville Bet Night Call | RAHWAY NATIONAL BANK BLDG. RAHWAY, N. J. 
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Ethelbert Favar | ae eee es. 
(Author of ‘‘Motor Vehicle Engineering’ for oe | Harry A. Oswald, M. E.. 


CONSULTING DEVELOPMENT DESIGNING RESEARCH 
| Engines and Chassis Redesigned for Quantity Production. CONSULTING ENGINEER 
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Victor W. Pagé 


Consulting Automotive Engineer 


C. T. Schaefer 


Consulting, Design and Development 


| 
Automobiles Tractors Aircraft 2 
Preparation of engineering opinions, reports, also catalogs, prospectus, | Passenger Car and Truck Design 


bulletins or publicity material in non-technical language solicited. 


Room 604, 2 W. 45th St., New York City j 2641 Russell Ave. Ss. LOUIS, MO. 
ys >) j Rotary INTERNATIONAL Git. F. Roppewia, | 
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56 Pine Street, New York City | Complete Experimental Equipment Engineering and Laboratory 
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CONSULTING ENGINEERS 
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| 1602-3 Merchants Bank INDIANAPOLIS | chines and tools for mass production. Complete service. 
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The block and tackle method by 


which Archimedes is supposed to have 
ee meape the then incredible feat of 


: \ eA ae ey : auling a ship out of the water. 


A consideration of the vast difference producer’s OBLIGATION to strive 
between the source of POWER of yes- constantly for higher and still higher 
terday and the main springs of POWER standards of performance. That is the 
that we tap today suggests the path that _ policy that always has governed the 


the motor manufacturer must follow. Continental organization. It is the 
q For the importance to all mankind of substance behind the curtain of good 
an efficient means of creating POWER will that the world has accorded the 
is so manifest that it becomes the motor Continental Red Seal. 
CONTINENTAL MOTORS CORPORATION 
Offices: Detroit, U. S. A. Factories: Detroit and Muskegon 








[ontinental Motors 


Largest Exclusive Motor Manufacturers in the World 
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ELECTRICAL PME & 


A Sure Start ora 
| Missed Train? 


Which it will be may depend upon the ease 
with which the automobile starts after a freez- 
ing night in a cold garage. 


Which it will be may determine the favor or 
lack of favor with which the owner regards 
the make of automobile he owns. 


Many manufacturers of quality cars have de- 

cided in favor of ‘‘sure starting’’— in favor of 

their car—by installing Master Electrical 
| Primer as standard equipment. 


The Master Electrical Primer, insuring instant 
starting, is a real sales asset on a car in its 
saving of time, gasoline and battery. 


Without charge we will be pleased to equip 
experimental cars of automobile builders. 


Master Primer Company 
34 East Larned St. Detroit, Mich. 








Standard Equipment on Quality Cars 








6 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS December, 1920 

















Elegance 


The units of the car that invariably 
carry the strongest appeal to the sense 
of sight are the WOOD Wheels. 


Not only do they appeal because they 
are gracefully proportioned, but also 
because they indicate their ability 
to perform the gruelling service that 
is the heritage of these hardest work- 
ing parts. 


This is another reason why WOOD 
Wheels have been used for years and 
will continue to be used on the 
world’s best cars. 


NOTE THE 
AUTOMOTIVE WOOD WHEEL WOOD WHEELS 
MANUFACTURERS’ ASSOCIATION EVERY WHERE 


105 West Monroe Street Chicago, II. 






For MOTOR. 
VEHICLES 
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Be Satisfied 
Specify Bosch 


MOTOR TRUCKS - TRACTORS 
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1. Supreme Reputation 

2. Service Stations Everywhere 

3. More Than Three Million Users 
4. Unqualified Public Approval 

3. Dominating National Advertising 


They are five of the selling points that make Bosch High Tension 
Magneto Ignition one of your strongest assets in selling automobiles. 


Bosch Ignition is today, as it always has been, the supreme standard of 
Ignition excellence from every viewpoint. There may be various opin- 
ions about various specifications of the automobile you are selling but 
about Bosch there is but one universal opinion—that of unqualified 
approval. 


Be positive that your ignition is a selling asset-—SPECIFY BOSCH. 
You can get it. 


400 Service Stations in 400 Centers 


AMERICAN BOSCH MAGNETO CORPORATION 
Main Office and Works: Springfield, Mass. 
Branches: New York, Chicago, Detroit, San Francisco 


- AIRPLANES - MOTOR CARS —- MOTOR BOATS — MOTORC 
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AMERICA'S SUPREME IGNITION SYSTEM <r) 


GAS ENGINES - ETC 
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Easier to Machine 


CTUAL shop practice has shown 
that for given Tensile Test 
values, the Molybdenum Steels 
machine with exceptional ease and 
economy. 

The behavior of these steels in 
the machine shop is one of the 
reasons for their constantly increas- 
ing popularity. 

Our book, ““Molybdenum Commercial Steels,’ 


is a complete and practical treatise on these steels 
from mine to ultimate consumer. 


For Copies, Address 


Climax Molybdenum Co. 


or 


The American Metal Co., Ltd. 
61 Broadway, New York 


Easier to Heat Treat Dynamically Tougher 
aed Easier to Machine Resist Fatigue 


we ) r fF 
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PROVEN IN WAR FOR THE TASKS ‘OF 
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E believe Bower serv- 
| ice is as complete as 
is humanly possible. 


We offer a complete line of 
roller bearings for almost any 
conceivable service. 


They are made in sizes that 
are interchangeable with all 
prominent makes of roller or 
ball bearings. 


OWED: 


ROLLER BEARING CO. 
Detroit Michigan 










Exclusive Bower Features 


Separate bearing Surfaces for load and 
thrust. Parallel raceways. Self-aligning. 
Never need adjusting. Does not develop end 
thrust under loads. Will not bind or end-slip. 
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technicalities be hanged— 
what does a “mag” do? 


it makes white hot “juice” all-day- 
every-day, high or low speed, up or 
down hill, Winter or Summer. 


that’s what Eisemann “mags” do, 
that’s what makes them the simplest, 
the most economical, the absolutely 


Beg ig eo gallate dependable form of ignition, living 
when you want it—and every time! as long as the engine. 





and ignition is the heart of your 
engine. 


every day hundreds and hundreds 
of Eisemann “mags” are bought to 
get white hot “juice” for passenger 
cars, trucks, tractors, motor boats, 
stationary engines— 














sparks 


-_ 





i 
TN 


6. how much did gas used to 













cost? 
a —_ but the proposition is the same— 
7. how much is it now? ignition that won’t lie down. 
36c and then some 
Pramas ee THE EISEMANN MAGNETO CORPORATION 
you .bet it does 32 Thirty-Third Street, Brooklyn, N,. Y. | 
ee Detroit: Chicago: 
9. how? 85 Willis Avenue, W. 1469 So. Michigan Avenue 
gets all the power out See the Eisemann Exhibits at the 
of every drop Automobile Shows 
2 See New York, January 8th to 15th 
under what conditions? Spaces D131-2-3-4 
a and all Chicago, January 29th to February 5th 
Spaces 119 to 126 Inclusive 






(to be continued 
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Moulded BAKELITE does not deteriorate 


TE 


REG. U.S, PAT. OFF 








HERE the mechanism desired must 

give faultless operation under condi- 
tions which are adversely affecting the metals, 
alloys, Or ‘compositions ordinarily employed, 
moulded BAKELITE has a broad application. 
It is chemically inert, infusable, and does 
not deteriorate. It resists the action of 
water, steam, solvents, and most chemicals. 


The mechanical strength of BAKELITE has 
enabled manufacturers to use this material in 
the construction of many parts heretofore 
made of metal. Its excellent dielectric 
properties obviate the need for elaborate 
insulation. Electrical contacts are accurately 
placed in the moulding process, and drilling, 
stamping, tooling, or any further assembling 
is unnecessary. 


GENERAL BAKELITE COMPANY 
Two RECTOR STREET NEW YORK, N. Y. 


A weather proof lamp re- 
ceptacle for high tension work. 


Moulded complete in every 
detail, even to the two con- 
necting wires fixed solidly in 
place. 





The GENERAL BAKELITE COMPANY welcomes inquiries from manufacturers, and maintains a research laboratory for 
the working out of new applications 
ee SS a ee ee ee eae 
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Boston, Mass. 


Buffalo, N. Y. 
Chicago, Ill. 
Cincinnati, Ohio 


Cleveland, Ohio 


Detroit, Mich. 


Kansas City, Mo. 


Los Angeles, Cal. 


Minneapolis,Minn. 


Montreal, Quebec 


New Orleans, La. 
New York City 


Philadelphia, Pa. 


Portland, Oregon 
Providence, R. I. 


SanFrancisco,Cal. 


Seattle, Wash. 
St. Paul, Minn. 
St. Louis, Mo. 


Toronto, Ont. 


Ask these Baldwin Distributors 
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Walter H. Williams, 

175 Massachusetts Ave. 
Pierce J. Fleming, 262 Oak St. 
W. D. Foreman, 22 E. 18th St. 
Wirthlin-Mann Co., 

318-320 West Third St. 

Chain & Sprocket Service Co., 
1794 East 55th St. 


Baldwin Service Co.. 
1905 Woodward Ave., 
Geo. O. Baldwin, Manager 


Motoré& Machinists Supply Co, 


1617 Grand Ave. 

Colyear Motor Sales Co., 
1222-1228 South Hill St. 
Baldwin Service Co., J. M. 
Howe, Mgr., 39 South 11th S+ 
Lyman Tube & Supply Co., 
10 St. Sophie Lane 


M.H.Rykoski, 706-708 JuliaSt. 


Cc. D. Schmidt, 

Broadway at Canal St, 

N. A. Petry Co., Inc., 
328-334 North Randolph St. 


H.W.SharpCo., 68-70 First St. 


Lanphear Motor Car Co., 
17 Snow St. 


The Adams-Hill Co., 96 9th St. 
Wade& Co., 1423 Twelfth Ave. 
C. J. Smith Co. 

American Automobile and 
Supply Co., 3200 Locust St. 


Lyman Tube & Supply Co., 
33 Melinda St. 


Baldwin Chain Drive on the 
Woods Automatic Feeding Table 


It’s a Baldwin Chain 
Drive! 


Just another Baldwin Chain Drive, 
quietly, efficiently performing its ap- 
pointed task—one of the thousands of 
such drives in daily use. 


If your problem is to secure for the 
machine you design or build, a drive 
of positive action, one of lowest friction 
resistence, longest life and free from 
care in its operation—then you, too, 
will want a Baldwin Chain Drive. 


Perhaps our engineers can help 
you. It costs nothing to ask them. 


BALDWIN CHAIN @®& MANUFACTURING COMPANY 
WORCHESTER, MASS 


H. V. GREENWOOD, General Western Sales Agent 
PEOPLES GAS BUILDING, CHICAGO, ILL. 
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The McCord Manufacturing Company is firm in its conten- 
tion that for truck and tractor service the continuous fin 
tubular type of radiator is superior. 


IA iiga tees te—e BY 

aca 
Years of experience, during which time exhaustive tests have — 
been conducted, furnishes overwhelming evidence to justify 
this position. 


Briefly, the reasons for this are: light weight, thorough dis- 
sipation of heat; provision for the circulation of a large vol- 
ume of air, free air circulation, resistance to blows, ease of 
repairing and, above all, strength. 


















Since the beginning of the motor car industry the McCord 
Manufacturing Company has held a dominant place as radi- 
ator builders. This Company has earned the respect which is 
given to its recommendations. In the McCord plant are man- 
ufactured both cellular and tubular radiator cores, therefore 
it is only for the sake of better cooling that the continuous 
fin tubular type is favored for truck and tractor service. 





We have in stock, for immediate shipment in limited quan- 
tities without pattern expense, standard designs of radiators 
to meet almost any requirement for trucks and tractors. 


; : New York, 189-191 Academy St., Long Island City 
Service Stations: Chicago, 1512 S. Michigan Ave. 





McCord Manufacturing Company, Inc. 

DETROIT, MICHIGAN The. front edge of 
each horizontal fin 
is reinforced with 


Manufacturers of McCord Gaskets and McCord Force-Feed Lubricators a heavy steel wire 








=-RADIATORS: 
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Transmission Bearings 


One of the most essential in- 
stallations of ball bearings in the 
motor car is in the transmission. 
If anything but the best ball bear- 
ings are installed in the transmis- 
sion, much energy is bound to be 
wasted in friction, heating and 
wear will surely develop, causing 
the gear shafts to lose their orig- 
inal accuracy of alignment and 
the gears to mesh improperly. 

By mounting the transmission 
gear shafts on Fafnir Ball Bear- 
ings, friction is reduced almost to 
the vanishing point, wear is vir- 
tually eliminated and the gears 
are permanently maintained in 
correct relation to each other. 


The Fafnir Bearing Company 


Conrad Patent Licensee 

New Britain, Conn. 
DETROIT Office: 752 David Whitney Bldg. 
CHICAGO Office: 1301 Michigan Ave. 
CLEVELAND Office: 916-917 Swetland Bldg. 
NEW YORK Office: 5 Columbus Circle 








eee a * 
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PACKARD ‘SINGLE SIX”’ 


(7 Series of Sinnouncements 


Another of the striking newer cars is the Packard “Single Six.”’ 


The Morse Front End Drive, so successful in the “Twin Six,” is 
continued in the “Single Six.”’ 
We admit a feeling of pride that Morse Silent Chains are used in 


these great cars. 
“Conspicuous because of their quietness.”’ 
MORSE CHAIN COMPANY, Ithaca, N. Y. 
Largest manufacturers of silent chains in the world 
Sales & Engineering Offices, Eighth & Abbott Sts., Detroit 
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A $25,000 


Pierce Arrow 


built for Mr. Roscoe Ar- 
buckle, alias “Fatty,” of 
international screen fame. 
This car is equipped with 
Houdaille Hydraulic Shock 
Absorbers. 





—and Houdaille Shock-absorbers 


OUDAILLE Hydraulic Shock Absorbers 
automatically check the rebound and help 
eliminate skidding, which is often caused by 
side sway. [his means tire economy and com- 
fort even while riding over the roughest roads. 


Houdaille has been prominent in Europe for ten years. 


To ' And is now American made for American motor cars. 
d Tr. ATrouc é@é says: ° . 

I think Houdailles ye Among the foreign cars factory equipped are: Alba, Alda, 
| aveieeted thine! * (F. Charron) Chenard & Walcker, Delage, DeLaunay- 


Belleville, de Bazelaire, Majola, Farman, Minerva, Panhard- 
& Levassor, Piccard & Pictet, Rochet-Schneider, Secque- 
ville & Hoyau and Unic (G. Richard), Zedel. 


THE HOUDAILLE COMPANY 


BUFFALO NEW YORK 








Mfg. by Houde Eng. Co. 
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NOTHER basic reason why 
A leading motor manufac- 
turers in the automotive 
world specify Mogul Bearings is 
the fact that no reclaimed metals 
are used in the making of Mogul 
Alloys. We make Mogul Alloys 
in our own plant—and have done 
so for twenty-five years. We 
guarantee that nothing but 
virgin metals are used in the 
making of Mogul Bronze Babbitt 
Lined and Die Cast Bearings. 








THE MUZZY-LYON COMPANY, 
DETROIT, MICHIGAN 
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What a Good 
Fan Belt 


Means to Your Motor 


The best designed cooling system will not 
function properly without a GOOD fan belt. 

Fan belts that soon stretch and slip cut 
down the speed of the fan and reduce motor 
efficiency. 

Most of America’s leading makers of motor 
vehicles equip their products with ‘“‘Wetprufe”’ 
Fan Belts because they know it pays to buy 
the best. 

Their splendid quality results from the use 
of choice oak-tanned leather and special treat- 
ments which make them proof against heat, 
water and oil, and render them solt, pliable and 
long-wearing. 

Made in all standard sizes or to your speci- 
fications. Also furnished in handy rolls if you 
desire to make up your own belts. 

Put a ““Wetprufe’’ belt on test and prove 
for yourself its superiority. Write us for a 
sample belt. 


Hide Leather & Belting Co. 


Indianapolis, U.S. A. 
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935 Miles—24 Hours 
—In a Loaded Truck! 


Power for Motor Transport is being bought 
and sold today on a basis of performance. 


**W hat has this engine DONE?’’ Buyers ask, 


and Dealers must answer. 


HINKLEY 


HEAVY DUTY | AUTOMOTIVE 








ENGINES 


If the truck in question is equip- Performance Pinnacle, and your 
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ped with a Hinkley Heavy-Duty 
Automotive Engine, the answer 
is always Prompt and Convinc- 
ing. For one of these engines, 
taken from the stock of the 
Duplex Truck Co., has driven 
a pneumatic-tired truck, carry- 
ing full load, 9.35 miles in a con- 
tinuous, Non-Stop run of 24 
consecutive hours. 


Here at last is a definite, au- 
thentic Standard of heavy-duty 
Engine Performance. 


Measure engine values by this 


choice of a truck becomes a 
simple problem. 


For you will find Hinkley 
Heavy-Duty Engines as stand- 
ard equipment in a wide 
variety of high grade motor 
trucks. 


Set one of these Hinkley- 
Engined trucks at work on 
your job of Motor Transport 
and watch it establish in your 
service new Records of Faith- 
fulness, Promptness and Eff- 
ciency. 


HINKLEY MOTORS CORPORATION 


Detroit 
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AUTOMATIC 
LUBRICATION | 
Phantom x ory 
View of << = bc 








Vanoiler 


3 . 
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/ Automatic Chassis 


f Lubrication Realized 


With the advent of the VANOILER, automatic chassis 
lubrication became an accomplished fact. With the car 
in motion, VANOILERS automatically deliver a flow of 
oil to every wearing part. Lubrication is in direct pro- 
portion to the need. And when the car is not in opera- 
tion, lubrication automatically ceases. 

VANOILERS mark the dawn of a new method of lubrication. 
They are positive in action, being dependent solely on the vibra- 


tion of the part to which they are attached. One filling of oil is 


sufficient for a thousand miles. 
Vanoilers Supply Chassis Lubrication 


When Needed Study VANOILER construction—note its simplicity, its efficacy. 
Where Needed Think what a selling point VANOILER automatic lubrication 
In the Quantity Needed would add to your car. Think how it would augment the worth 


and appearance. 
We invite executives and engineers to communi- 


cate with us. We will gladly co-operate in the 
solution of lubrication problems. 


Sales Department 
EDWARD A. CASSIDY CO., INC., 
25 W. 43rd St., New York City 


Advanced Products Corporation 


oiler 
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SNAP RINGS 


| Tool Room 
| Acompletely equipped 
| tool room provides special 
| fools and fixtures and 

| special machines of our 
own designs. 
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This is the way Raybestos 
Molded Clutch Facings are 
built into Overland automo- 
biles at the Overland factories. 


The Raybestos Company 


Factories 
Bridgeport, Conn. Peterborough, Canada 


OLDE 


CLUTCH FACING 


—- GUARAN 
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N the bearings sponsored by &KF its type of 
anti-friction bearings have been developed to 
their highest perfection. And &&F further pro- 
vides an engineering service not only to assure to 
itself proper application and use of 3G F" marked 
products but to help the buyer to fully capitalize the 
mechanical value built into each device. This ser- 
vice is freely offered and is being continually broad- 
ened and advanced by laboratory research that is | 
international in scope. You are assured a similar 
service behind every product bearing the mark— 


ee 





Among these products now offered are: 


ud 


Single row deep groove ball bearings. 
Double row self aligning ball bearings. 
Steel balls. 
Transmission equipment. 


£556 F” Industries, Inc. 
165 Broadway, New York City 
Fe oy a 
The Hess-Bright Manufacturing Co. 
SKF Ball Bearing ©. 
Atlas Ball Co. 
Hubbard Machine Co. 
SKF Research Laboratories 






>‘ SKF Research Labora- 
[Pan tory established at Phila- 
7 & delphia to co-operate with 
the big Gothenburg Labora- 
tories in the study of the 
American Manufacturers’ 
friction problems. 
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Better Iransportation 
-The Nations Vital Need 


With rail facilities taxed to the breaking point, our biggest 
problem today is to relieve this strain and help transportation 
keep pace with industry and agriculture. - Unquestionably 
the solution is the motor truck. Its worth has already been 
established, and the necessity for its use on a larger scale is 
becoming more and more apparent every day. 


Ross Steering Gears have played an important part in making 
the motor truck a more efficient and reliable means of trans- 
portation. The easy steering, safety and reliability, which are 
guaranteed by the exclusive screw and nut design, have made 
Ross Steering Gears standard equipment on 418 different 
motor truck models from 165 different manufacturers. 





Write for any further information desired 


ROSS GEAR & TOOL COMPANY 
Eighth and Heath Streets, Lafayette, Ind., U. S. A. 


Ross STEERING GEAR 


Renae ee eae ea 


THE STEERING GEARS THAT PREDOMINATE ON MOTOR TRUCKS 
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th your purchase of a Spartay motor 
hory you have ay assurance dt a 
product caycetwwed of quality, bory 
of efticieqt praductioy quid there- 
atter q liwing example of service. 
May we serve you? 


-SPARTON- 


The Sparks-Withington Company Jackson, Michigan 
‘ ‘ (200) 
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ENGLISH & MERSICK 


‘Rotary ‘Levey Lock 


The Rotary Lever Lock is a mark of distinction 
which invariably bespeaks a fine, high-grade 
motor car. 








Its unresisting response appeals to the buyer of 
such cars—a quarter-turn of the handle both 
unlocking and opening the door. 


The Rotary Lever Lock is neat in appearance, 
yet inconspicuous. It requires no unsightly 
slot in the finishing rail or inside upholstery 


of the car door. . 


Nearly sixty years’ experience in manufacturing 
fine vehicle body hardware stands back of it. 
And twelve years’ concentrated effort has been 
spent in developing it. 


Visible on 
Every Lock 


The Rotary Lever Lock will Tl w ENGLISH & MERS ICK CO. 





be exhibited at the New 
York Show — spaces D98- New Haven, Conn. 
99, Fourth Floor, Grand Since 1860 makers of fine body hardware 


i Central Palace. Locks Hinges Handles 


QU se 
































THE JOURNAL OF THE SOCIETY OF 





AUTOMOTIVE ENGINEERS December, 192@ 


-" 


| 


~ 
NS 


# BYVO Kd 


aw 
Vi! NS 


Hy, x S ~ 





vy Ss 





=a 


The Bell-Like Ring 
of One Solid Metal 


Suspend a Stewart Bearing by a cord 
and tap it with a hammer. /The sur- 
prisingly clear bell-like ring proves the 
unity of the bronze backing with the 
babbitt lining. These two parts are so 
inseparably united that disintegration 
is practically impossible. 





Stewart Bearings are designed for use 
in automotive equipment, transmission 
machinery, electric motors and genera- 
tors, as well as special machinery in- 
volving unusual problems of load or 
lubrication. 


Let Stewart engineers work with your 
own engineering department in design- 
ing a special bronze-back bearing that 
will be best for your product. 


Stewart Manufacturing Corporation 
4500 Fullerton Avenue, Chicago 
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A five-ton blow on the rear axle— 


What happens to the universal joint in a heavily loaded truck ? 


HE hardest strain in starting a loaded 
truck comes at the rear axle. 


Five tons of dead weight to be moved 
—every time the truck is started. This means 
a five-ton blow at the rear axle. 

Metal universal joints transmit the full force 
of this terrific blow throughout the whole 
rear axle assembly. Metal joints soon wear 
loose—causing rattle and backlash. This is 
the danger signal for trouble to follow. 


Cushioning the shocks that rack a car 


To absorb these five-ton blows—to protect 
a car or truck from this constant wear and 
tear—the Thermoid-Hardy Universal Joint has 
been constructed. It is built of flexible fabric 
discs which cushion the damaging shocks. It 
transmits a smooth, even flow of power to the 
rear axle. 


Free from lubrication troubles 


There are no metal-to-metal wearing sur- 
faces in the Thermoid-Hardy Universal Joint. 
No lubrication required, no working time lost. 
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In building up the flexible fabric discs the 


In passenger cars as well as in heavy duty 
trucks, the Thermoid-Hardy Joint has fre- 
quently run 60,000 miles without replacement 
or adjustment. More than fifty manufacturers 
are now using the Thermoid-Hardy Joint as 
standard equipment. 


Fanwise construction for strength | 


Enormous strength is given the Thermoid- 
Hardy Universal Joint by the patented fan- 
wise construction of the fabric discs illustrated 
below. By no other construction can uni- 
form strength and elasticity be obtained. 

Let our staff of engineers explain how prac- 


tical and economical installation may be 
accomplished in your car. 


The new book, “Universal Joints—Their 
Use and Misuse,” giving details of construc- 
tion, records of performance, tests for strength 
of the Thermoid-Hardy Universal Joint, will be 
sent you upon request. 


THERMOID RUBBER COMPANY 


Sole American Manufacturers 
Factory and Offices: Trenton, N. J. 


New York Chicago San Francisco 
Detroit Cleveland Atlanta 
Philadelphia Pittsburgh Boston 
London Paris Turin 





Pais 
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List of Users 


American-British Mfg. Co. 
Anderson Motor Co. 

The Autocar Co. 
Available Truck Co. 
Barley Motor Car Co, (Roamer) 
Briscoe Motor Corp. 

Capitol Motors Corp. 

Jas. Cunningham Son & Co, 
Crow-Elkhart Motor Oo. 

Dart Truck & Tractor Corp. 
Diamond T Motor Car Co. 
Doane Motor Truck Co. 
Fageol Motor Car Co, 

. H. Franklin Mfg. Co. 
Garford Motor Truck Co. 
Gramm-Bernstein Motor Truck Co, 
Hendrickson Motor Truck Co. 
Holt Mfg. Co. 

Indiana Motor Truck Co. 
International Harvester Co. of 

A., Ine. 

International Motor Co. 

Ky. Wagon Mfg. Co., (Dixie 

Flyer). 

King Motor Car Co. 

King Zeitler Co. 

satiate Motor Truck Co., 
ne. 

Lexington Motor Co. 

Locomobile Co. of America 

Maxwell Motor Corp. 

Menominee Motor Truck Co. 

Mercer Motors Co. 

Moreland Motor Truck Co. 

McFarlan Motor Co. 

Nelson & LeMoon 

E. A. Nelson Motor Car Co. 

Nelson Motor Truck Co. 

D. A. Newcomer Co, 

O’Connell Motor Truck Co. 

Oliver Tractor Co. 

Oneida Motor Truck Co, 

Packard Motor Car Co. 

Parker Motor Truck Co. 

Patriot Motors Co. 

Phelps Motor Co. 

Reliance Motor Car Co. 

Reo Motor Corp. 

Reynold Motor Truck Co. 

Root & Van Devoort Engineer- 
ing Co. 

Sanford Motor Truck Co. 

Service Motor Truck Co. 

Stoughton Wagon Co. 

Studebaker Corp. 

Templar Motors Corp. 

Tioga Steel & Iron Co. 

Tow Motor Co. 

Traffic Motor Truck Corp. 

Transport Truck Co. 

Twin City Four Wheel Drive 

Co., Ine. 

Walter Motor Truck Co. 
Ward-LaFrance Truck Co., Inc. 
Watson Products Corp. 

Wichita Motors Co. 

H. E. Wileox Motor Co. 

J. C. Wilson Co. 
Willys-Overland, Ine. 


several layers are put together so that the strands 
in each piece run in a different direction. 
This patented fanwise construction provides the 
greatest tensile strength. In a laboratory test 
made recently at Purdue University the drive 
shaft, itself, was twisted at a total stress of 
21,700 inch pounds without injury to the uni- 
versal joint. 


HERMOID-HARDY 


UNIVERSAL JOINT 
FANWISE CONSTRUCTION FOR STRENGTH 


Makers of “‘Thermoid rg tee Compressed Brake 
Lining’ and “‘Thermoid Crolide Compound Tires’’ 
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NIFORMITY 
SOLIDITY 
JE;XCELLENCE 


FEDERAL BEARINGS 


WHY does every Federal Bearing show the same tough, 
fine grained homogeneous structure in the fracture 
of the Babbitt lining? 

BECAUSE every Bearing is chilled immediately after 
it is lined. That is UNIFORMITY. 

WHY is every Federal Bearing guaranteed absolutelv 
free from porosity? 

BECAUSE the process of manufacture makes it impos- 
sible for the Babbitt to contain air while cooling. 
That is SOLIDITY. 

WHY is every Federal Bearing manufactured from the 
highest grade materials, machined accurately and 
subjected to the most rigid inspection? 

BECAUSE “FEDERAL, DETROIT” must be stamped 
on the back. That is EXCELLENCE. 


What Is Our Secret? 


CENTRIFUGAL FORCE 


(Process protected by patents) 


BABBITT-LINED BRONZE-BACK BEARINGS - BRONZE "BUSHINGS _ BRONZE CASTINGS 


DETROIT — MICHIGAN 
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Silent Timing Gear 


With Peerless, as with many other makes of first-class 
automobile engines, Fabroil Gears are being used as = 
the main timing gear. Because of the successful 
operation of Fabroils, helical gearing on front ends 
has made considerable gain within the last two years. 


Have you ever tried one of these raw cotton gears? 
If you haven’t you have a surprise in store for you. 


Fabroils are made in all shapes and sizes—have been 
furnished from one to thirty inches in diameter. 
Send for booklet 48703 A. 
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QU ALIT Y—The determining factor 


in Broaching 






























Broaches should be bougkt as _ high-gfade 
machine tools and fabricated products’ are 
bought—on a “quality-service” basis—from a 
manufacturer maintaining the highest stand- 
ards in materials and manufacture as well as 
in design. 


Quality is the dominant feature of every J. N. 
Lapointe Company broach. Quality enters into 
every broach manufacturing operation from 
the selection of the most efficient kind of bar 
steel to the micrometer testing of the last 
tooth. The most conscientious care and skill, 
gained by years of experience in the broaching 
field, is spent on a J. N. Lapointe Co. broach 
guaranteeing absolute accuracy—that im- 
portant factor which predetermines maximum 
quality and quantity production and perfect 
interchangeability of the broached parts. 


Properly designed, properly made broaches— 
manufactured to a quality standard, not down 
to a price—bear the mark of the J. N. Lapointe 
Co., of New London, Conn. 


We solicit commercial 
broaching—any quan- 
tity. Send us your blue 
prints for quotations. 
Write for a copy of 
Catalog. 


| 
ti 
4 
h 
Hy] 
i 
iH 
' 
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LAPOINTE 


Oo 
NEW LONDON, CONN. 


YETROIT OFFICE, 11 Harper Ave. 2084-L 


/Makers of Broaching Machines and Broaches. 


REPRESENTATIVES—GRBDAT BRITAIN: Charles Churchill & Co., Ltd., 9-15 Leonard St., Finsbury, London, E. C. FRANCB; Fenwick Freres & Co., 
8 Rue de Rocroy, Paris. BELGIUM: Fenwick Freres & Co., Liege. SWITZPDRLAND: Fenwick Freres & Co., Zurich. SPAIN: Fenwick Freres & Co., 
Barcelona. ITALY: Fenwick Freres & Co., Torino. JAPAN: Commercial Co. of Tokyo, Tokyo. AUSTRALIA: H. P. Gregory & Co., Sydney. NOR- 
WAY: Gustav Nielsen, Christiania. SOUTH AMERICA: W. R. Grace & Co.. Hanover Square, P. O. Box 286, New York City. DENMARK: Ch. A. 
Herstad, Copenhagen. FINLAND: Ch. A. Herstad, Copenhagen, Denmark. SWEDEN: Ch. A. Herstad, Stockholm, 
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Solid brass-stamped, entailing 
minimum labor in ¢, 
production, econ- 
omy of material, 
light weight com- 


bined with strength and dura- 


bility. 
Bridgeport Brass Cap inserts 
are designed and made to facil- 


itate the application of molded 
composition coverings. 


Bridgeport Brass Cap inserts 
are made with accurately cut 
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eport Brass 


ENGINEERS 


Radiator and Tank Caps 


and finished threads, afford- 

95 ing free turn- 
ct ing but substantial 
contact with filler 
flange. 


Many prominent manufacturers 
of automobiles and parts use 
Bridgeport Brass Cap inserts, as 
well as stamped or drawn filler 
tubes or flanges. 


We will gladly quote on your require- 
ments—for stamped parts, brass, sheet, 
tubular and rod. All Bridgeport Brass 
is Electric Furnace Brass. 


5 Compas 














OVER 50,000 MILES 
NOW REPORTED ON 


“WHITNEY” 


HIGH EFFICIENCY 


FRONT END MOTOR CHAIN DRIVES 


AND STILL 










IN GOOD 


CONDITION 


aaa 


THE WHITNEY MFG. CO. 


HARTFORD, CONNECTICUT, U. S. A. 
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TAPERED ROLLER BEARINGS 


At Points of Hard Service 





Timken Tapered Roller Bear- 
ings are used in the great major- 
ity of automotive vehicles at 
points of hard service: 
Transmission Pinion Shaft 
Front Wheels Differential 
Rear Wheels Steering Knuckle 
Rear Axle Gears—Worm Gear, 
Internal Gear, Bevel,and Double 
Reduction. 
This leadership is established on 
the tapered principle of design, 
quality of manufacture, perform- 
ance on the road, and service to 
the automotive industry. 


At the Power Take-Off 


You can’t build a power take-off simply by put- 
ting a pulley on the end of a shaft. The number 
of plows a tractor will pull are of no interest at the 
time the machine is wanted for a belt job. 


No unit of the tractor requires better designing 
than the power take-off. It must be capable of 
continuous heavy-duty operation—a requirement 
that calls for bearings of demonstrated ability. 


Every kind of a load—radial, and thrust, and 
combinations of the two—has to be carried by the 
bearings on this shaft. A bearing that can be ad- 
justed, that will not have to be replaced if wear 
occurs, is necessary. 


All this means Timken Tapered Roller Bearings! 


THE TIMKEN ROLLER BEARING CO., Canton, O. 
Plants manufacturing complete bearings at 
Canton, O.; Columbus, O.; Birmingham, Eng.; Paris, France 
General Offices, Steel, Rolling and Tube Mills, Canton, Ohio 


Timken Tapered Roller Bearings for Passenger Cars, Trucks, Tractors, 
Trailers, Farm Implements, Machinery, and Industrial Appliances 
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Ignition, Starting and Lighting 
THE ATWATER KENT GENERATOR 


High efficiency. Die cast aluminum heads reduce weight. 

Extremely low cut»in speed. Greater brush accessibility. 

Very high generator output at low speed. Liberal mechanical proportions and clearances. 

Continuous maximum output at safe temper- Rugged and durable, no delicate adjustments 
atures. or parts. 

Smooth running and quiet. 


Beautiful finish. Smooth, hard, black enamelled 
shells, and sand blasted aluminum heads. 


In 5000 hours continuous running 
at maximum output, wear on brushes 
and commutator negligible. 


AMPERES 


An able engineering 
corps is at your service 
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“The Heat Is 
There—Why 
Not Use It?” 





. DPERFEcTIO 


] MOTOR CAR 


| 
HEATERS 


Some of the cars using Per- 
fection Motor Car Heaters as 
Standard Equipment on one 
or more models: 


HiIl Allen 


} | Case 
111] Cole Aero Eight 
i} Columbia 
HY Crow Elkhart 
i\| Davis 





Dixie Flyer 
Dorris 
Du Pont 
Gardner 
Grant 
Handley-Knight 
Haynes 
Holmes 
| Hudson 
King 





Kissel 

111 Liberty 
Hit Maibohm 
11 Marmon 





1|| | Mercer 


Mitchell 
| Moon 
| 











\\|| National 
jit Northway Motors Corp. 
t}f! (Truck Cab Bodies) 
\| Oakland 
11111 Oldsmobile 
| aige 
] Premier (all models) 
Re Vere 
1}}} Roamer 
R & V Knight 
Scripps-Booth 
Standard Eight 
tutz 


Stephens Salient Six 
\}| Templar 

elie 
Westcott 
Willys-Knight 
Yellow Taxicabs 

of Chicago. 














“The bursting test to which the heater was Hl 
submitted shows there is no danger from carbon | 
monoxide poisoning of the occupants of the car | 
by the leakage of exhaust gases. Any deposit 
of carbon will only serve to seal the joints of the Hi 
radiator.” 











‘‘That there is no danger from an explosion such Ni 
as sometimes demolishes a muffler is proved | 
through the fact that the pressure developed HI 
through a ‘back fire’ is recognized to be between | 
90 and 100 pounds while the strength tests de- | 
veloped a leak at 975 pounds, giving the heater i 
a factor of safety of about ten. | 











Above are excerpts from a report by 
the Underwriters’ Laboratories, of | 
Chicago, following an exhaustive in- 
vestigation of Perfection Motor Car 


Heaters over a period of nine months. 


Being the unbiased opinion of a com- 
petent and disinterested organization, | 


it means a great deal to automobile | 
engineers. 

















More complete details of this report by 


the Underwriters’ Laboratories are 


available to engineers. Write for your 
copy today. 


THE PERFECTION HEATER & MFG. CO. 
6554 Carnegie Ave. Cleveland, Ohio 


Manufactured in Canada by Richards-Wilcox Canadian Co., Ltd., London, Ontario. | 


The only exhaust Heater (all models) Tested and Approved by the Underwriters’ 
Laboratories. 














Complete exhibits at New York and Chicago Shows. a HY 


: . . . . 11] 
Factory representatives are cordially invited to inspect our product. \ 
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Crankshaft 


Was Forged from Agathon Special 
Crankshaft Steel, Type No. 29A. 




























It was twisted into that fantastic shape as a test— 
while cold. 

No sign of fracture or flaw. 

Isn’t that the kind of steel you want for this particular condition? 
It’s not a general purpose steel, nor do we advocate its use for 
other than shafting work. 

For the special condition for which it has been developed, however, 
it is without qualification the most satisfactory steel obtainable. 

Do you require the best form of alloy steel for gear blanks? Connecting 

rods? Any other special purpose? 

There’s an Agathon Steel Type expressly developed for every individual 

condition for which an alloy steel is demanded. 

Agathon Formulas plus Agathon Quality equal Perfect Service. 
Write us now respecting your immediate and future require.nents. 


THE CENTRAL STEEL COMPANY 
MASSILLON, OHIO 


Cleveland Office—Hickox Bldg. The Hamill-Hickox Co., 
District Reps. Chicago Office—1370 People’s Gas Bldg., 
122 S. Michigan Blvd Geo. Wagstaff, District Sales Mgr. 
Detroit Office—Book Bldg. Arthur Schaeffer, District 
Sales Mer. Philadelphia Office—603 Widener Bidg. 
Frank Wallace, District Sales Mer. Syracuse Of- 
fice—621 University Block. T. B. Davies, Dist. 
Sales Mgr. Indianapolis Office—s07 Mer- 
chants Bank Bidg. C. H. Beach, Dist. Sales 
Mer. Export Dept.—20 Broad St. J. DB. 
Dockendorf & Co., New York City. 
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Harry J. De Bear, Manager, 
Maxwell Motor Sales Corp., 
New York Branch. 
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E. M. Dalley, President 
Paige-Detroit Co. of 
New York, Inc. 


Manufacturers, Dealers, Motorists must work 
together to eliminate this serious menace 


Inefficient brakes are an evil that hurts the entire automobile industry 


[* alarming proportions the num- 
ber of automobiles is increas- 
ing. The streets of every city and 
town, and even many highways, 
are becoming crowded beyond the 
danger mark. Serious accidents are 
appalling in their frequency. 


Police officials,-automotive engi- 


hydraulic compression of 2000 

pounds pressure. Thermoid is 

also ‘*grapnalized’’— an exclusive 

process which enables it to resist 
moisture, oil and gasoline. 

Brakes lined with Thermoid do 

* not grab; slip or swell from damp- 





neers, municipal authorities every- 
where agree that a large proportion 
of automobile accidents directly 
result from faulty brakes. 


Manufacturers, dealers, motor- 
ists must work together to elimi- 
nate accidents due to faulty brakes 
—a serious menace to the entire 
automobile industry. 


Efficient brake lining is an essential factor in the pre- 
vention of these accidents—brake lining that will not 
slip or grab and that retains its correct “co-efficient of 
friction” until worn wafer-thin. 


The Grapnalized Hydraulic-Compressed Brake Lining 


In each square inch of Thermoid Hydraulic Com- 
pressed Brake Lining there is 40% more material than in 
ordinary woven lining. This additional body gives a 
closer texture, which is made tight and compact by 


Thermo B 





Copyrighted 1919 by Thermoid Rubber Company 


This chart, worked out by leading automotive 
engineers, shows how 
stop at various speeds, 
good condition and working right. 


quickly a car should 
if the brakes are in 


ness. Because of its wearing quali- 
ties and unfailing efficiency, the 
manufacturers of 50 of the leading 
cars and trucks are consistent pur- 
chasers of Thermoid. | 


Standardize on Thermoid Brake 
Lining, the brake lining specified 
by discriminating motorists 
and preferred by experienced 
mechanics. 


Send for the new Thermoid Brake Lining Book. It 
contains valuable information about brakes which every 
engineer should know. 


THERMOID RUBBER COMPANY 


Factory and Main Offices: Trenton, N. J. 


New York, Chicago, San Francisco, Detroit, Cleveland, Atlanta, 
Philadelphia, Pittsburgh, Boston, London, Paris, Turin 


Canadian Distributors: 
The Canadian Fairbanks-Morse Co., Limited 


Montreal 
Branches in all principal Canadian cities 


rake Lining 


Hydraulic Compressed 


Makers of ‘‘Thermoid-Hardy Universal Joints” and ‘‘Thermoid Crolide Compound Tires”’ 
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Maximum Utility 


Dependable, economical usefulness was the con- 
trolling idea back of the design and construction of 


the Ace Motor Truck. 











Ruled by this idea, every part from frame to spark 
plugs was selected on a basis, not only of reputation, 
but of comparative performance fests. 


You’ll find Timken-Detroit Axles under the Ace 
and under 59 other well built American motor trucks. 


Abbot-Downing Dorris Master Service 

Acason Equitable Menominee Signal 

Ace Facto Michigan Hearse Southern 

Acme Fageol Minneapolis Standard 
*Ahrens-Fox Federal Moreland Sterling 
Armleder G. M. C. National Sullivan 
Atterbury Garford Nelson & Tegetmeier & 
Available Gary LeMoon Riepe 
Brinton Hahn New England Tower 
Brockway Hendrickson Oneida Walker-Johnson 
Chicago King-Zeitler Paige-Detroit Ward LaFrance 
Clydesdale Kissel Parker White Hickory 
Collier Kleiber Rainier Witt-Will 

Dart Koehler Sandow Wilson 
*Denby Lewis-Hall *Seagrave ——— 
Diamond T Maccar Selden *Front Axles 


THE TIMKEN-DETROIT AXLE COMPANY 
Detroit, Michigan 
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ty ‘a; y. 









December, 1920 








THE 


This trade-mark is branded 
in red on one side of the Still 
Better Willard—the only 
storage battery with Thread- 
ed Rubber Insulation. 
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What We Call Service 


Willard Service is built on such principles as: 


Promptness: Elimination, where- 
ever possible, of the request to ‘‘Wait 
a Minute.” Swift decision as to what 
the battery needs, and how long the 
task will take. 


Thoroughness: Getting clear to 
the bottom of the trouble and rec- 
ommending the practical remedy, 
whether it is recharging, replacement 
of insulation ora completenew battery. 


Courtesy: Undivided and con- 
siderate attention to every customer 
no matter how small his wants may 
be or how difficult he may be to 
satisfy. 


Honesty: Strict adherence to the 
policy of recommending the course 
best for the customer, without re- 
gard to immediate profit for the ser- 
vice station. 


Only by keeping the importance of these fundamentals promi- 
nently in mind can any organization hope to give the sub- 
stantial help that Willard is proud to call “Service.” 


WILLARD STORAGE BATTERY COMPANY 
Cleveland, Ohio 


STORAGE 
BATTERY 
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Original 
Hexagon 


Cellular 





Radiators 
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PERFORMANCE 


American Hammered Piston Rings are made to 
give service. Each month over one and three-quarters 
millions of concentric individual castings are ma- 
chined and hammered into leakless piston rings. 


The demand is for a leakless piston ring. 


Ask Your Jobber 


AMERICAN HAMMERED PISTON RING CO. 
BALTIMORE, MARYLAND 
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Is the list of firms who 






have met the metal- Members Recetving Certipcates for Quarter Ending June 30tb, 192U 


° sete ~ Albion Malleable Iron Co. - - - Albion, Mich 

lurgical require ments of American Malleables Co. Lancaster, N. Y. and Owosso, Mich 

é . f h Baltimore Malleable lron & Steel Casting Co. ~ Baltimore, Md 

sOCci< > Belle City Malleable Iron Co. - - Racine, Wis 

the association for the Chain-Belt Co. : Milwaukee, Wis 

. Chicago Malleable Castings Co. - West Pullman, Chicago, II! 

quarter ending March Chisholm-Moore Mig. Co oe Cleveland, Ohi 

Columbus Malleable Iron Co - - Columbus, Ohbic 

. . Dayton Malleable Iron Co. - Dayton, Ohio and Ironton, Ohio 

31, 1920, and have re- Deviia Mig. Co, Thomas. - + Philadelphia, Pa 
Eastern Malleable Iron Co. 

ceived the certificate Naugatuck Malleable Iron Works - Naugatuck, Conn. 


Bridgeport Malleable Iron Works - Bridgeport, Conn. 


i Troy Malleable Iron Works - Troy, N. Y. 

above. W rite t h em Wilmington Malleable Iron Works - Wilmington, Del. 

Vulcan tron Works - - New Britain, Conn. 

Erie Malleable Iron Co. - . - Erie, Pa. 

about your next needs, Federal Malleable Co. - - = © West Alle, Wie. 

Fort Pitt Malteable Iron Co. - - Pittsburgh, Pa. 

Frazer & Jones Co. - - - - Syracuse, N. Y. 

Globe Matleable Iron & Steel Co. + - Syracuse, N. Y. 

Haskell & Barker Car Co : - Michigan City, Ind. 

Illinots  Malleable Iron Co. - - - Chicago, Ii. 

lowa Malleable Iron Co. : - - - Fairfield, Ia. 

Kalamazoo Malleable lron Co. - - - Kalamazoo, Mich. 

Any serious complaint as to the Laconia Cat Co ~ se ae 

" = f lleabl iron fur- Marion Malleable Iron Works - _ - - Marion, Ind. 

quality of malleable + P ‘National Malicable Castings Co, Cleveland, Ohio, Chicago, IIL, 
nished by any of the firms listed Indianapolis, Ind, Toledo, Ohio, E. St. Louis, III 

‘ " ted inv ; Northern Malleable lron Co St. Paul, Minn. 

will be rigidly investigated if Northwestern Malleabie Iron Co - © Milwaukee, Wis. 

brought to the attention of the Pittsburgh Malicable Iron Co. - - ° Pittsburgh, Pa 

association. Pressed Stee! Car Co - - - Pittsburgh, Pa. 

Rockford Malicable Iron Works - - - Rockford, Ul 

Ross-Mcehan Foundries - - Chattanooga, Tenn. 

St. Louis Malicable Casting Co. - - St. Louis, Mo 

Standard Malleable Castings Co. - Terre Haute, Ind 

Stowell Co - - + Seuth Milwaukee, Wis. 

T. H. Symington Co. - . Rochester, N. Y. 

Terre Haute Malleable & Mfg. Co - - Terre Haute, Ind 

Union Malleable Iron Co. - - - East Moline, Ill 

Vermilion Malicable Iron Co. ~- - - Hoopeston, Lil. 

Wanner Malleable Iron Co. - - - Hammond, Ind. 

Wisconsin Malleable Iron Co, - - - Milwaukee, Wis. 

Zanesville Malleable Co. - - - Zanesville, Ohio 








The 1900 Euclid Building, 
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Because oil is better for the chassis 


Model “H” Oil-Kipp 
for steering knuckles 
and other vertical 
positions, 
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Model “K” Oil-Kipp for spring 
pins and other horizontal positions 





Lubrication with heavy oil—shot by Oil-Kipps—prevents the squeaks 


and rattles caused by the inability of grease properly to lubricate 
spring bolts and steering knuckles. 


Grease is really a fibrous sponge, the pores of which are filled with 
heavy oil. 


Even when forced through drill holes under a pressure of five 
hundred pounds, it does not spread all ower the bearing surfaces. 


About half of the bolts or knuckles are left unlubricated. 


Squeaks sound the warning of wear, and rattles soon follow. 


Direct Lubrication With Heavy Oil 


Instead of providing heavy oil lubrication indirectly with grease, 
provide it directly with Oil-Kipps. 


Oil-Kipps are small magazine force-pumps that shoot heavy oil over the snuggest 
fitting bearing surface. 


By means of Kipp-adapters they replace any kind of cup, gun, or other device. 
Bolts need not be removed in order to be equipped with Oil-Kipps. 


Silencing the Chassis 
And after Oil-Kipps are applied, all you need do is fill them from the 
oil-can—with heavy oil—and they will be ready for a month’s work. 


Every week or so, snap the spring plungers—and the oil will be shot all over the 
bearing surface. 





A spring pin, 


worn out be- With them you can lubricate your chassis in three minutes. 

cause of the in- : ; . 

yay = arm ieee Send for “Silencing the Chassis,” telling why automobile engineers believe 
Oo fuoricate. 


that heavy oil, positively applied, is the best chassis lubricant. 
If you are a dealer, send for our dealer proposition. 


MADISON-KIPP CORPORATION 
MADISON, WISCONSIN 


sree are 


Oil-Kipps 


KEEP CARS NEW. 
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ANNOUNCING 
New Speed Wagon Model 


To take care of the in- 
creasing demand for speed 
wagon or light truck trans- 
missions we have brought 


out a Speed Wagon Special. 


Special features are incor- 
porated in this model includ- 
ing the extra low gear ratio 
of 4 to | on Ist speed. 


On the left side of the 
transmission is a large 
S.A.E. pad for attaching tire 
pump and on the right side 
is S.A.E. standard pad for 
mounting Power Take Off. 


The sturdiness of the 
Fuller Transmissions is built 
into this model. 


Fuller & Sons Mfg. Co. 


Kalamazoo Mich. 


; 
j A 
PET 


Ss M JI 
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Specifications 


always mean more 
to the buyer when 
they include men- 
tion of 


AYDRAUL 
FRAMES 


THE 


HYDRAULIC PRESSED STEEL COMPANY 
of THE HYDRAULIC STEEL COMPANY 
CLEVELAND, OHIO 












Branch Sales Offices: 










New York Chicago Detroit 
singer Building Fisher Building Book Building 













San Francisco 
Hearst Building 


Manufacturers of 


Pressed Steel Frames for Passenger Cars, 
Trucks and Tractors; Axle Housings; Brake 
Drums; Torque Arms; Running Boards; Step 
Hangers ; Hub Flanges; Discs; Dust Shields; 
Steel Barrels; Aeroplane and Miscellaneous 
Stampings. 


® HYDRAULIC 


PRESSED STEEL COMPANY 
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The ten-acre plant of the New Process Gear Corporation 


A Perfected Gear-making 
Service! 


Two things strike the builder of cars, trucks or tractors who 
visits the New Process Plant— 


UOTE TSE 


Oa 


UE eat 


UGH LLL 


— 


—the amount of detail involved in making gears of New 
Process perfection. 


—the capacity to fill large orders for gears, each 100% correct, 
which is represented by 10 acres of latest-type machinery. 


MTN EL 


Attention to detail and ample capacity assure you right gear- 
results. 


we 


Our engineers are ready to confer with you. A slight change 
in a few of your gear dimensions may permit you to save 
money by availing yourself of tools which we have ready. 
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Quality—Quantity—Quickness 
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New Process Gear Corporation 


Syracuse Member of the New York 
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PRECISIVUN 
ISAILL SEAININGS 


( PATENTED) 


A dominant position in any field may be at- 
tained by salesmanship plus quality. But to 
maintain that position, quality must fight 
alone. For a decade past, “NORMS” Bear- 
ings have been standard in the high-grade 
magnetos and lighting generators identified 
with cars, trucks, tractors and power boats of 
the better class. Their dominance has not 
been undisputed—but their unvarying quality 
has maintained it. 


See that your electrical apparatus 
is “NORMA” equipped. 


THE NYRMA COMPANY 


VF AMERICA 


Amable Avenue 
Long Island City 
ew York 





Ball, Roller, Thrust and Combination Bearings 
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Available 





The following announcements are published for the 
benefit of members of the Society and the convenience 
ef eompanies in need of men. No charge whatever is 
made for this service. In the case of items prefixed by 
an asterisk further information is withheld at the 
request of the company or individual making the in- 
sertion, but written communications bearing the num- 
ber of such items will be forwarded by the S. A. E. 
Office. In other cases further information will be 
supplied by the Office of the Society. Applications for 
positions from non-members must be endorsed by a 
member of the Society. 





0904 YouNG EXECUTIVE ENGINEER, with seven years’ expe- 


0930 


0931 


0932 


0933 


0934 


0935 


rience on tractors in field, also service, management, 
design, production and sales experience. Has held 
executive positions and now desires further sales and 
production work in the tractor or truck field. 


YOUNG GRADUATE ENGINEER with initiative and sales 
ability is seeking a sales engineering position. Four 
years of experience as a designer and sales engineer 
of heat-treating equipment and powerplant work and 
one and a half years’ experience as a designer and sales 
engineer of truck axles. Excellent references. 


PRODUCTION MANAGER and mechanical engineer would 
consider a position requiring initiative and ability to 
handle production engineering problems successfully; 
twelve years’ executive experience in automotive and 
allied industries; supporting testimony available. 


SUPERINTENDENT, practical mechanic, married, age 38, 
having thorough knowledge of production and cost and 
now engaged as maintenance superintendent. Is also 
experienced as production superintendent. Would pre- 
fer Pennsylvania as a location. 


DESIGNING ENGINEER on modern high efficiency en- 
gines. Has helped develop one of America’s best four- 
cylinder cars in present connection. Many years of 
specialized experience in all problems of high-speed en- 
gine design, also laboratory and road testing experi- 
ence. Seeks good opportunity as assistant chief en- 
gineer or head of engine design with progressive com- 
pany. 


Motor-TRUCK FACTORY MANAGER and engineer desires 
new connection. Past locations few and of the best. 
Can maintain production at any desired pitch. Has 
thorough knowledge of the relation of the cost of man- 
ufacture and the quality of design to sales and finances. 
Best of references from present connection. 


WorKs MANAGER now employed by a leading Middle 
West corporation in the manufacture of high-grade pas- 
senger cars. Has also handled the quantity production 
of high-grade motor trucks. Thoroughly experienced 
in the organization of departments and thoroughly fa- 
miliar with general labor conditions, having had super- 
vision of all departments from the receipt of raw 
materials to the sale of finished product. 


(Continued on page 52) 
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Where Hyatt Roller Bearings 
Are Used in Motor Trucks 


BOVE is shown a representative 
motor truck chassis illustrating the 
many locations in which Hyatt Roller 
Bearings are satisfactorily performing. 


In the front wheels the use of two Hyatt 
Bearings insures absolute steadiness. At 
the fan a single Hyatt Bearing with plain 
washer thrust provides dependability and 
quietness. On the auxiliary drive shaft 
they operate without attention or need for 
adjustment. Since they require a minimum 
amount of lubrication, they are especially 
suitable as clutch supporting bearings. 


Transmissions fitted with Hyatt Roller 
Bearings are noted for their quietness, 


inexpensive assembly, and freedom from 
the usual bearing troubles. In the axle, 
either internal gear, worm drive, or bevel 
gear drive, they are particularly adapt- 
able, for they have large carrying capacity 
and ability to endure under the most 
severe service. 


Wherever radial anti-friction bearings can 
be used, Hyatt Roller Bearings will effec- 
tively meet the requirements. The adapt- 
ability of Hyatt Roller Bearings, due to 
their variety of proportions and ability to 
operate with or without races, permits of 
extremely simple design. Assembly prints 
covering any of the above installations 
will be gladly furnished. 


YATT Roller Bearings have all the advantages 
found in other types of radial bearings, and an 


additional feature—the Hyatt Hollow Roller— de- 
signed and built after many experiments to determine 
the most efficient type of roller. 


Hyatt Roller Bearings carry the load, automatically 
keeping themselves in line, distributing and cushioning 
the loads and shocks and constantly maintaining proper 
lubrication over the entire bearing surface. The 
result is carefree service and permanent satisfaction. 





HYATT ROLLER BEARING COMPANY 


Tractor Bearings Division 
Chicago, Ill. 


Motor Bearings Division 
Detroit, Mich. 


Industrial Bearings Division 
New York, N. Y. 


HYATT QUIET BEARINGS 
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"No Motor*Car or Motor Truck is completely 
equipped that is not equipped with a Kellogg 
Engine-Driven Tire Pump 




























































































% ~=Your Motor Car or Truck Must 

5) Be Equipped with a KELLOGG 

4 | . . 

YX, Engine-Driven TIRE PUMP 
¥7| 

23 Price reductions of motor cars and trucks may, in 
PS some cases, necessitate curtailment of standard 

ita), equipment. 

aK Regardless of what equipment it may be necessary 

IY, for you to eliminate, your motor car or truck must 

fai be equipped with a KELLOGG Engine-Driven 
le} TIRE PUMP. 

bes KELLOGG Engine-Driven TIRE PUMPS are a 
‘S| necessity on motor cars today. And without them 





it would not be possible to operate motor trucks 
equipped with pneumatic tires. 
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Practically all of the leading motor cars and motor 
trucks manufactured today are equipped with 
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| MS KELLOGG Engine-Driven TIRE PUMPS as 
by : standard equipment. 

jay A KELLOGG PUMP on a car or truck is an 
|e | indication to the purchaser of superiority of con- 
wea «= struction and materials. 

ay 

M4 CAUTION 

jai Matke sure your Motor 

by i Car or Motor Truck is 

AR equipped with a KEL- 

BN y) LOGG Engine-Driven 

tee: TIRE PUMP 

ite) 
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KELLOGG MFG. CO 








AA 


» i y 
; SS 


RI OQ ES 
OF see NY 





Pn: moe 

















bay : 
eS? 5 um 





& 
8 


“ 


7 A Lesoyi Wr a Foy cm ge 
i a ON ae : 
le >See <@s Sees 
S$ yw a G Po i ai ba) 


89 lO ems BY 





































SOCIETY OF AUTOMOTIVE ENGINEERS 





December, 1920 


“ 


POSITIONS & MEN AVAILABLE Cont. 


Men Available (Continued) 


DESIGNING ENGINEER AND DRAFTSMAN, with five years’ 
experience on the design and construction of tractors, 
transmissions, kerosene and gasoline engines, desires to 
make a change. Capable of taking full charge of design, 
construction and experimental work. 


0938 AUTOMOBILE ENGINEER Fifteen years’ experience in 
automobile, aviation and marine work, specializing main- 
ly on experimental and research work. Did the field 
work on the Cadillac for many years. Technical and 
practical. An able writer. A man of ideas and re- 
source. 

0939 PRODUCTION ENGINEER Technical graduate. Experi- 
enced in the design and production of piston-rings in- 
cluding both foundry and machine-shop practice and the 
design, construction and testing of gasoline engines, 
carbureters and other accessories as well as special pro- 
duction machinery, tools and fixtures. Location near 
Cleveland preferred. 
0940 ENGINEER AND ORGANIZER, age 33, with considerable ex- 
perience as machinist, tool maker and tool designer. 
Has been in charge of engine and chassis design, beth 
for passenger cars and tractors, and is at present de- 
signing engineer on Government work. Speaks and 
writes German and is familiar with French and Italian. 
Wishes to hear from a progressive organization, either 
small or large, offering opportunities to a man with in- 
itiative. 
0941 TECHNICAL AND PRACTICAL MAN with ten years’ expe- 
rience in charge of tractor field demonstrations and 
experiments and tractor and truck instruction schools. 
Has been tractor sales engineer and manager for four 
years and at present is sales manager for a truck dis- 
tgjbutor. Prefer to become associated with a large 
truck or tractor builder as sales manager, or in develop- 
mentgnd missionary work. 
0942 MECHANICAL ENGINEER of executive ability, twenty- 
twg years’ experience covering design and development 
of methods, tools, machinery and equipment for eco- 
nomical production. Successful organizer experienced 
in factory management, maintenance and general con- 
struction, at present chief engineer and works manager, 
is open for engagement in similar capacity or as plant 
engineer. 
0943 ENGINEER capable of taking entire charge of engineer- 
ing department for the designing of internal-combustion 
engines, research testing, also the manufacture of en- 
gines. Past experience in this line has been with some 
of the very best engine builders, as assistant chief en- 
gineer, designing engineer, etc. Can give the best of 
references. 
0944 ENGINEER Broadly experienced as an executive and 
designer on passenger cars and trucks, especially in 
applying anti-friction bearings, desires new connection. 
0945 MECHANICAL ENGINEER Age 37. Experienced as chief 
engineer, production and sales engineer. Knows auto- 
motive and general mechanical construction and par- 
ticularly familiar with pressed steel industry. Prefer 
sales work in Detroit, but will consider any proposition 
with a live company. 


(Continued on page 54) 





*See anneuncement at the head of the 


Available’? column, page 50 


“Positions and Men 
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Four Million Wheels 
o VGOi — pen anew niniitetee 


ITHIN the confines ot our organiza- 
tion, 4,000 sets of wood wheels for 
motor cars and trucks are made each 

day—of wood grown in our own forests, cut 
and seasoned in our own mills and of steel 
pressed and fashioned in our own plant. 


The units of the Motor Wheel Corporation 
are as follows: 


Gier Pressed Steel Plant 


Lansing, Michigan 


Prudden Wheel Plant 
Lansing, Michigan 


Auto Wheel Plant 


Lansing, Michigan 


Weis and Lesh Plants 


Memphis and Jackson, Tennessee 
Monroe, Louisiana 
Light, Arkansas 


Saw Mills at Other Points 


The men directly responsible for the organ- 
izing and operating of the Motor Wheel 
Corporation are H. F. Harper, President and 
General Manager; W. H. Newbrough, Chair- 
man of Board of Directors; B. S. Gier, First 
Vice President and Treasurer; D. L. Porter, 
Vice President; W.C. Brock, Vice President; 
and C. C. Carlton, Secretary, who with O. A. 
Jenison, J. B. Siegfried and Chas. W. Nichols 
constitute the Board of Directors. Mr. Sieg- 
fried is General Sales Manager. 


Motor Wheel Corporation 


Manufacturers 


Motor Vehicle Wheels Complete 
Metal Stampings, Steel Products 


LANSING, MICHIGAN 





PS EERO ARE BA ST 


. a CRETE 
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POSITIONS & MEN AVAILABLE Cont. 





Men Available (Continued) 


0946 EXECUTIVE with twenty years’ experience in manufac- 
turing desires position. Formerly connected with 
largest ignition manufacturer as engineer and assistant 
works manager. Has successfully designed all types of 
ignition apparatus and is now chief engineer with firm 
in similar business. Can furnish best of references. 
Eastern location preferred. Married; age, 38. Inter- 
view solicited. 





0947 AUTOMOBILE ENGINEER with executive ability backed by 
eighteen years’ practical experience. Has good all- 
round knowledge of all branches of production and in- 
spection, including foundry and forge work, metallurgy, 
design, manufacturing tolerances, screw threads, jigs 
and fixtures, machine-shop practice, assembling and 
testing. 





0948 PRODUCTION ENGINEER Thorough mechanic and de- 
signer of tools, possessing the ability to produce. Has 
successfully held executive positions for the past ten 


T h e r e’s J u S t oO n e years. Technically educated. Prefer position near New 


York City. 


name that stands for 0949 Factory EXECUTIVE Age 32; Stevens graduate. Has 


worked up through the ranks, serving successively as 
machinist, foreman, designer, plant engineer, mechan- 


| U ni V Pe r S al J Oo l n t 3 ical engineer and factory manager. Possesses broad 


experience in all phases of industrial engineering. De- 


sires to affiliate with medium-size progressive company. 
and Propeller Shafts sas anal ve od 


0950 DESIGNER AND LAYOUT DRAFTSMAN Technical grad- 
uate with five years’ experience in design and layout of 


in the automotive engines and transmissions desires a position with a 


well-established firm. 


in d Uu S t Yr y e V e nm a & 0951 SALES ENGINEER. Graduate mechanical and aeronau- 


tical with four years’ successful experience in automo- 

° ° tive parts and accessories work is anxious to connect 

there 1s ju st one with a progressive manufacturer. Has personally se- 
cured standard equipment contracts with a number of 


the largest automobile and engine builders. Experi- 
name that stands 


ence includes engineering development, sales promo- 
tion and advertising. Moderate salary until ability is 


. demonstrated. New York location preferred. 
for the leading 


0952 ENGINEER to take charge of drafting room. Familiar 


quality product in with up-te-date drawing room practices, records and 


designs. Prefer motor-truck firm in Ohio or Michigan. 


= 0953 EXECUTIVE with 12 years’ engineering, sales service 
every industry. 


and production experience on passenger cars and 
trucks. Extensive outside practical experience and 
investigation has given knowledge of dealer and owner 





SPICER MANUFACTURING CORPORATION~SOUTH PLAINFIELD, AS viewpoint and requirements. Possesses a wide ac- 

== > quaintance in the industry and a detailed knowledge 
: of engines, axles and transmissions. 

yj I 0954 AssSISTANT TRUCK ENGINEER. Graduate engineer with 





= 15 years’ design and three years’ shop experience. 
. Possesses original ideas, but is conservative and has 
UNIVERSAL JOINTS ano PROPELLER SHAFTS had extensive experience in the design of tools and 
special equipment. Competent to take full charge of 
engineering. At present with large corporation. 


0955 ENGINEER AND EXECUTIVE who has spent 17 years 
with some of the most prominent automobile builders 
in design, production and executive capacities, seeks 
new connection. Has designed and produced complete 
automobiles and trucks, including engines, transmis- 


Write on your business letterhead for booklet concerning " sions and axles, and is interested in light-weight pas- 
Spicer Universal Joints and Propeller Shafts. 





(Continued on page 56) 


*See announcement at the head of the “Positions and Men 
Available’’ column, page 50 
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What Makes a Fine Car? 


The fine var earns its place by additional values 
in appointment and ability. It embodies all the 
refinements, all the justifiable superlatives, that 
good automotive practice has so far developed. It 


is classified on a basis of admirable performance 
and beautiful appearance. 


The makers of such cars, whether here or abroad, 
can take no chances on the electrical equipment 


obtained from outside sources. They test for ad- 
ditional values, as usual. 


It is surely significant that so many of them turn 


to Westinghouse for Electric Automotive Equip- 
ment. 











WESTINGHOUSE ELECTRIC & MANUFACTURING CO. 


Automobile Equipment Department 
General Sales and Service Offices: 82 Worthington St., Springfield, Mass. 
Works: East Springfield, Mass. 


estinghouse 


FOR AUTOMOTIVE VEHICLES 
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Made in the Heart of the 
Automotive Industry 





UNIVERSAL JOINTS 


ONSTRUCTION simplicity and 
strength of the highest order has been 
incorporated in ARVAC Model 20. 


It not only retains the prominent 
features of ARVAC design and con- 
struction that have gained and held the 
confidence of the trade, but 
a close analysis of its many 
refinements reveals to the 
discriminating automotive a 
engineer an unsurpassed WHY 
achievement in universal 
joint construction. 


Our engineers will, with- {Alb 
out obligation, furnish com- (1 Vs 
plete information and help  \\ 
you solve your universal joint 
problems. 


Arvac 
Manufacturing Company 
ANDERSON, IND. 
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POSITIONS & MEN AVAILABLE Cont. 





Men Available (Continued) 


senger car construction. Thoroughly conversant with 
latest production methods. Can furnish competent or- 
ganization if desired. 


0956 SALES AND DEVELOPMENT ENGINEER. Mechanical en- 
gineering graduate, experienced in research and steel 
production, is desirous of locating with live automotive 
company in selling end or sales development work. 
At present handling sales development work for prom- 
inent steel corporation. Wide acquaintance among 
tractor, truck and passenger-car engineers. 


0958 CHIEF ENGINEER of tractor company who has demon- 
strated his ability to combine quality of product with 
low manufacturing cost desires position as chief en- 
gineer or manager of production with active firm. 


0959 MECHANICAL DRAFTSMAN with five years’ experience 
on passenger and truck layout and design, a technical 
education and shop experience desires connection with 
a company building trucks or passenger cars. 


0960 YOUNG EXECUTIVE with nine years’ practical and 
technical experience on passenger cars, trucks, trac- 
tors and aeroplanes. A live wire open for any of the 
following connections: research engineering, chief in- 
spector or experimental supervisor. 


0961 EXECUTIVE, 15 years’ experience in automobile indus- 
try manufacturing and selling high-grade passenger 
cars. Qualified to act as assistant general manager, 
branch or export manager or in similar capacity. 
Energetic and enthusiastic worker, good organizer. 
Employed at present but available on short notice. 
Salary commensurate with results obtained. Age 35. 


0962 SALES ENGINEER. Energetic young engineer with tech- 
nical training and four years’ automotive experience, 
including design, production, service and sales work. 
Desires further sales work with progressive automotive 
manufacturer. 


0963 GRADUATE MECHANICAL ENGINEER with experience in 
engine and transmission development desires executive 
position in engineering or sales department. Age 25. 


0965 CHIEF ENGINEER, age 38, desires similar or executive 
position. Eleven years’ executive experience in the 
design and construction of heavy-duty internal-com- 
bustion engines, transmissions and tractors. 


0966 ENGINEER, 15 years’ experience, designer of one of 
the most popular four-cylinder cars, desires position. 


0967 CHIEF ENGINEER with 16 years’ technical and practical 
experience in engineering, production and executive 
work. Expert tool and die maker, practical designer 
and a successful executive. 


0968 LayouT MAN AND DESIGNER, technical school graduate, 
long shop training, five years’ experience in the design 
of motor trucks, lately engaged in the layout and de- 
sign of pneumatic tire trucks of the multiple-wheel 
type. 


(Continued on page 58) 





*See announcement at the head of the ‘Positions and Men 
Available’ column, page 50. 
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EXACT" 









May we send 
our Machine and 
Cap Screw Catalog? 


CCURACY is a Scovill watchword 
—From the heading of the steel or 
brass wire to the cold rolling of the 
threads no detail is overlooked that will 
tend to insure the perfection and exact- 
ness of our machine and cap screws. 


We carry a large stock of screws 
in our Detroit Warehouse. 


SCOVILL MANUFACTURING COMPANY 


EST. 1802 
WATERBURY, CONN. 
NEW YORK BOSTON ROCHESTER 
CHICAGO DETROIT PHILADELPHIA 


CLEVELAND 


one 
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Ordinary radiators depend on solder 
alone, and leakage follows. Every 
tube in a G & O Radiator is closed 
at the ends with a positive lock seam 
before soldering. 


Forty-four manufacturers who value 
service-giving refinement in construction 
cool their engines with G & O Radiators. 


THE G & O MANUFACTURING CO. 


New Haven Conn. 
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Men Available (Continued) 


PRODUCTION MANAGER AND ENGINEER, technical gradu- 
ate, 15 years’ practical experience in the automotive 
industry. Now chief engineer of a truck plant. 
Capable of designing a line of truck models and or- 
ganizing for production. Available on a month’s 
notice. 


SALES ENGINEER with 15 years’ experience in the au- 
tomotive industry desires to represent one or more 
products in New England on a commission basis. 


METALLURGICAL or SALES ENGINEER. Ten years’ ex- 
perience from ore to the finished products including 
foundries, forge shop, heat-treating plants and lab- 
oratory. Has specialized in automotive lines and 
built, installed and taken charge of laboratories and 
heat-treating plants for several well-known com- 
panies. Married; age 31. 


GENERAL MANAGER understanding machine assembling 
and design desires responsible position. 


PRODUCTION ENGINEER, works manager or general 
superintendent in an automobile or truck factory. 


ENGINEER, with experience on gas engines, heat-treat- 
ment of steel, production of tools, body making and 
efficiency work desires a position. 


MECHANICAL ENGINEER, age 35, experienced in the de- 
sign and development of high-speed pneumatic-tired 
motor trucks, and as production manager of a motor- 
truck factory desires to make connection with a pro- 
gressive motor-truck builder. 


CHIEF ENGINEER at present with company building 
trucks and passenger cars desires to make a change. 
Is a university graduate and has had 10 years’ expe- 
rience in automotive engineering and tool designing. 


AUTOMOTIVE ENGINEER, experienced in the design of a 
complete chassis, especially axles, springs, steering 
gear, etc., desires a position as chief engineer or as- 
sistant. At present assistant chief engineer of large 
parts manufacturer. 


FACTORY OR PRODUCTION MANAGER wishes to corre- 
spond with a company desiring a progressive and en- 
ergetic executive, who is practical and uptodate and 
has increased production by the application of modern 
methods. 


PROGRESSIVE AUTOMOTIVE ENGINEER, a technical grad- 
uate, with 10 years’ experience on automotive appa- 
ratus desires to connect with a company building in- 
ternal-combustion engines. Is a resourceful designer 
of proven ability and competent to take charge of 
the design and construction of engines and allied 
products or direct experimental research laboratory. 


EXPERIENCED EXECUTIVE College graduate having le- 
gal and technical training coupled with practical expe- 
rience and familiar with the automotive industry, de- 
sires change of position. Age 30. Eight years in 
present location. 


MECHANICAL ENGINEER with six years’ experience in 
engine design and research work, two years as aviator 
in United States Air Service, desires a_ position, 
preferably testing or development work. 


(Continued on page 60) 
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AUTO-STEELFLEX and AUTO-FLEXTUBE 


“Auto-Steelflex’”, ‘“Auto-Flextube”’, ‘“‘Auto- Steelflex”’ 
Brassflex”” and “Special Flextube” are con- exhaust tubing. 


is also made into carburetor and 


are 4 - Our representatives are always ready to work 
duits and fittings for automobile wiring manu- callie Zatenial Renieeend a enhide’ ta 
factured by the National Metal Molding 


wiring system of the car. 
Company, the leading manufacturers of 


electrical conduits and fittings. “Auto- of Bulletin 700. 


NATIONAL METAL MOLDING CO. 
General Offices: Pittsburgh, Pa. 
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At the vital spot 





good bearing will not save 

























INC. 
47 W. 34th St., New York 
Detroit: Dime Bank Bldg. Chicago: 


















dox St., Regent St., London, W. 1 


LAMINATED SHIM COMPANY, 


8S. Michigan Ave. St. Louis: Magura Mf 
Co. England: R. A. Rothermel, 24-26 Mad 


Write for complete set of samples and copy 


Fite mew 1 








All the rugged strength of a 


it 


from the junk heap if it is run 
while out of adjustment. Lami- 
nated shims make accurate 
bearing adjustments _ easy. 
Simply peel ’em down to fit. 


1118 
g. 
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New Departures owe a great deal to special elec- 
tric furnace chrome alloy steels for the mighty 
good service which they have been giving in auto- 
mobiles and trucks. We are the largest users of 
this most enduring bearing metal among bearing 
manufacturers. 


The New Departure Manufacturing Company, 
Detroit BRISTOL, CONN. 


CONRAD PATENT 


Chicago 


LrCansee 
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Men Available (Concluded) 


GRADUATE .MECHANICAL ENGINEER experienced before 
the war in research and experimental engineering, 
also testing and inspection with automobile and truck 
builders. Was Y. M. C. A. secretary during the war. 
Development work preferred. Age 25, married. 


METALLURGIST with six years’ experience in iron, steel 
and steel alloys and the metallurgical problems that 
arise in such work, in chemical analysis, physical test- 
ing, pyrometer work, metallographical examination 
and the handling of men engaged in heat-treating 
work. 


EXECUTIVE ENGINEER, experienced in development and 
research work, maintenance and technical sales, de- 
sires position. 


POSITIONS AVAILABLE 


ELECTRICAL ENGINEER to teach automotive electricity 
in high-grade institute. Must have some practical ex- 
perience and ability to teach. Location Chicago. 


SALES MANAGER with engineering experience for line 
which includes a patented part that is rapidly growing 
in favor. An opportunity on which to build a future 
for an energetic conscientious man. 


DETAILERS desired for work on ordnance and tractor 
work. Location Illinois. 


MECHANICAL DRAFTSMAN. A man having had some 
tractor experience will be given the preference. Loca- 
tion Nebraska. 


DESIGNERS with experience on caterpillar type trac- 
tors. Location central New York. 


MECHANICAL ENGINEER with metallurgical and heat- 
treating experience. College graduate preferred. Lo- 
cation Indiana. 


EXPERIMENTAL ENGINEER with wide practical expe- 
rience to take charge of high-grade passenger car 
plant in western New York. 


DESIGNING ENGINEER experienced in automotive equip- 
ment, preferably gasoline and kerosene engines. Good 
opportunity for advancement in large progressive or- 
ganization. Location Michigan. 


COMPETENT ENGINE DESIGNERS with experience on 
tanks, tractors and trailers. Location central New 
York. 


YouNG GRADUATE MECHANICAL ENGINEER with some 
electrical knowledge to study working conditions in 
various plants of large manufacturing company. Po- 
sition promises plant managership after business has 
been learned. Not allied with automotive industry. 
Location Ohio. 


SUPERINTENDENT with experience on grinding machines 
and in fitting up engines, or able to supervise work of 
that nature. Location Washington. 


(Continued on page 62) 


announcement at the head of the ‘Positions and Men 
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SMITH PRESSED STEEL FRAMES 


We have one of the largest and best equipped 
plants in the world for passenger and truck 
frames of any design and capacity. Our 
facilities for Heat Treated Frames of which 
we are large producers are unsurpassed. 


A. O. SMITH CORPORATION 


MILWAUKEE 
Detroit Office 708 Ford Building 





HOVE LAA 


‘“M&E’’ @® UNIVERSAL JOINT 


For Oil and Grease Lubrication 


(Patented and Patent Pending) 















Three Joint Assembly—Angle Drive 


The working parts of the “M & E” Universal Joint consist of two hardened pins accurately ground, the four ends 
of which are inserted in four hardened and ground bushings, which are driven into two tough steel drop forgings, a block 
being inserted between the yokes of these forgings for centering and supporting the pins. 


Great strength, simplicity in design, durability and accessibility are characteristics of the “M & E” Universal Joint. 


Made in four sizes up to 100 H.P. Shafts up to 3 in. diameter. Angle of drive up to 15°. 


Has very large bearing 
surfaces. Dust-proof housing, which acts as an oil-tight reservoir for the lubrication. 


Let our staff of engineers explain how a practical and economical installation may be accomplished in your car. 


sno ait toe Yor smaseee: | ME ERCHANT & EVANS Co 


Palace, 46th St. and Lexington Ave. NEW YORK PHI LADELPH IA 





; WHEELING 
Space C-75-76, Third Floor. BALTIMORE a CLEVELAND 
See our exhibit, Chicago Show, January LANCASTER.PA. DETROIT 

5, 1921, Coliseum, Wabash Ave., bet. ATLANTA CHICAGO 

14th and 15th Sts. Space 61—Gallery. 
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Positions Available (Concluded) 


SALES MANAGER Position open for young man with 
8 or 10 years’ experience with a new and progressive 
tractor company. Applicant must have tractor or 
truck sales experience. Exceptional opportunity for 


right man. Salary and commission. Interest may be 

oo Ammeter insures the lives of more than secured in company later if mutually desirable. Loca- 
4 1,250,000 batteries on Nagel equipped cars. tion Middle West. 

What better evidence of its accuracy and de- 92 YOUNG ENGINEER who has specialized on internal- 


pendability than this 
Ammeter has attained? 


The Nagel Ammeter is standard 
equipment on Austin, Auburn, An- 
derson, American, Beggs, Bell, Bris- 
coe, Bour Davis, Chevrolet, Curtis, 
Collter, Handley-Knight, Luverne, 
Marwell, Mitchell, Moore, Oak- 
land, Oldsmobile, Jackson, Over- 


broad distribution 


Nagel 


Vogue and Willys-Knight passenger 
cars, and Atlas, Collier, Com- 
merce, Gramm-Bernstein, Garford, 
G. M. C., Kerns Dughie, Nash, 
Nelson, Olds, Republic and 
Stewart motor trucks. Also en- 
dorsed by use by the makers of 
the Auto-IAte, Bijur, O. A. Van- 


combustion engineering desired to assist in work in- 
volving compiling of statistical data and miscellaneous 
information on airplane engines. Sound knowledge 
of mathematics, mechanics and thermodynamics essen- 
tial. Government position. Location Ohio. 

RESEARCH ENGINEER who has specialized in field of 
oil engines and who has extensive knowledge of physics 


land, ,Pm peugeot, Pledmont, dervell, (London, Brg.) an d and electricity is wanted to direct a research program 
ecurity, Stamoood, Stephens, Remy Start and Lighting Sys- _ . : : Age 
ieittaler, She icles ie. tone ing covering field of possible application of fuel injection 


internal-combustion engines to the propulsion of air- 
craft. Ability to invent new methods of measuring the 
desired quantities essential. Government position. 

625 OHIO AUTOMOBILE MANUFACTURER has openings for 
aggressive, well-educated young men capable of de- 
veloping into executives and willing to start at modest 
salary. State age, height, weight, married or single, 
education, experience, knowledge of mechanical draft- 
ing and blueprint reading, service record, present 
salary, salary expected at start, whether any depend- 
ents, and if preference is for purchasing, sales, ac- 
counting, engineering or production. 


Qyite W.GNAGEL ELECTRIC QF 


TOLEDO. OHIO. 








*See announcement at the head of the ‘Positions and Men 
Available’’ column, page 50 


Gurney Bearings 
Permit You to Use 
Smaller Bearings 


If you can use shorter bearings and 

smaller diameter bearings because of 

the maximum load capacity for given size of 

Gurney Ball Bearings by all means do so and 

save metal, machining and heat treatment. Do 
away with the old sleeve bearings altogether. 

This greater load capacity is due to the use of 
the largest number of maximum sized balls, and 
raceways that give an area of contact under 
heavy or sudden loads. 

One Gurney Ball, by reason of this greater 
contact area, can sustain a load equal to that of 
26 balls rolling between plane surfaces. 

Gurney Engineers who design these bearings, 
and obtain unequalled accuracy in their manu- 
facture, will be pleased to work with your de- 
signer. 


GURNEY BALL BEARING CO. 


Conrad Patent Licensee 
JAMESTOWN, 


BATTERIES 


— out to the prospective pur- 
chaser of a car the fact that it is 
Exide equipped and he is assured that 
his starting and lighting problems 
have received the same careful con- 
sideration that was given every other 
feature of the car. 


For in the minds of those to whom 
quality is of paramount importance, 
Exide Batteries represent the finished 
product of 32 years’ battery building 
experience. 





THE ELECTRIC STORAGE BATTERY CO. 


Oldest and Largest Manufacturers in the World of Storage Batteries 
for Every Purpose. 


PHILADELPHIA 
Branches in 17 Cities 


Special Canadian Representatives: 


1888 | 
Chas. E. Goad Engineering Co., Ltd., Toronto, Montreal. 


1920 
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AND CONE CLUTCHES 


Feet tw of 


. Universa Satisfaction | . 7 
: The Hartford Automotive Parts Co. i 


' — “, = Inc. 1906 





PRESSED STEEL FRAMES 


Passenger Cars, Trucks, Tractors, Trailers 
ALSO 


Heavy Miscellaneous Stampings of all kinds 


Frame Makers for Cars of Quality Since 1904 


| PARISH & BINGHAM CORPORATION 
Cleveland, Ohio, U.S. A. 
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HY-TEN-SL BRONZE 
WORM GEAR DRIVES 


100% better in wearing qualities. 
ARES" 


7% lighter in weight. 
‘Send for pamphlet’ 


AMERICAN MANGANESE BRONZE CO. 
Holmesburg, Philadelphia, Pa. 


BRANCH OFFICES 
CLEVELAND 
1006 Guardian Bidg. 
PITTSBURGH 
316 House Building 


DETROIT 
1646 Woodward Ave. 


MONTREAL 
285 Beaver Hall Hill 





HEN you see a “Jasco” Tank on a car you 

can recognize it at once as a quality car. 
That the manufacturer is buying the best that 
can be had—a tank which can’t leak, a tank 
which “stands up” strongest where service is 
hardest. A tank that means lasting service, posi- 
tive protection and greater fuel economy. 


Made of seamless drawn ssteel, tested and 
proved perfect in every detail of construction. 
Send for booklet and detailed information. 


We are prepared to handle contracts for deep 
drawn steel work. Send specifications. 


Janney, Steinmetz & Company 
Main Office, Philadelphia 
New York Office, Hudson Terminal Bldg. 


JASCO" 


SAFETY FIRST 


TAN Ki 


DITIDIDI III ARRIOLA lic 


sJeeaeaeet. 





TRUCK AXLES 


ENGINEERS December, 1920 


bo 


HUUEUOAUESUOUAANUANAUOANOSUAADANLANUSUUANU AGL AUCGNOALEN ANNA LE EUAN TEU LUTE TOA LLL 





AUDUSOUUUUSUNUODUEGALUOCENOOUESALAUOOOANLOC CCEA AAAOUROANEREAOOU DUT UU SUA 


HU 


Finished 


Brass Castings 


Do you know that you can have brass 
parts cast in finished form—perfect in 


TTL LLU Loo |1oQJUUO00{000000000DOUALLNSGAEEOUUUUCOOEOUUOEAOAOOCUeEEUUUeDAANanEOT EU 


LAL 


contour, smooth surfaced, of uniform 
solidity and to limit measurements? 


TU 


The “Do-Di” process of making finished 
castings cuts brass part production 
costs to bedrock level. 


- 


Let us send you the ‘‘Do-Di’’ Booklet. 


THE WORLDS LARGEST MANUFACTURERS OF DIE CASTINGS 


DOEHLER DIE- CASTING Co. 


ROOKLYN, N4 TOLEDO, OHIO. CHICAGO, ILL. 


“SALES OFFICES IN ALL PRINCIPAL CITIES 
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Car Makers Tests Prove 
Gilmer Superiority 


Car manufacturers can’t afford to take chances 
with fan belts—too much of the car’s perform- 
ance depends upon fan belt efficiency. And so 
they put fan belts to the most rigorous tests for 
heat resistance, oil and moisture resistance, 
shrinkage, stretching, slippage. 
























But manufacturers’ tests bring remarkable unani 

mity of results—shown by the fact that over 80% 
of the automobiles built in America today are 
Gilmer-equipped at the factory. | 


The following Gilmer Woven Products are widely 
used as regular equipment: 


Woven Endless Fan Belts 
Body, Spring and Radiator Shims 
Radiator and Hood Lacing | 
Transmission Lining 
Rebound Straps 
Top, Tire and Door-check straps | 
Strainer Web 
Webbing for all purposes 
All Gilmer Products are Solid 
| Woven. They are produced under 
the supervision of a skilled engi- 
neering department and are prov- 
ing tneir superiority in service 
every day. 
Consultation is invited. 


L. H. GILMER CO., 


Tacony, Phila., Pa. 
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HEAT RESISTING 
RADIATOR CAPS 


CONTROL LEVER BALLS 


@ @ @ 





Special Designs in | 


Switch Bases 
Switch Knobs 
Motor Terminals 


Junction Boxes 
Horn Buttons 


Terminal Blocks 


Cutout Rings Socket Shells 
Switch Keys Attachment Plugs 
Receptacles Connector Plugs 


And Other Insulators in General for Automotive and 
Electrical Purposes 


Send Us Your Blueprints and Specifications 


A American Insulator Corporation 
NEW FREEDOM, PA. 
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Prestige 
Behind Your Car 


For over thirty years Weston Electrical Indicating In- 
struments have been unsurpassed in their field. When 
your specifications include the 








Weston 
Model 354 


Ammeter 










you are giving the 
motorist absolute 
battery protection. 
Designed, con- 
structed and test- 
ed as carefully as 
the finest watch, 
yet rugged enough 
to stand the hard- 
est service, this, 
Ammeter is the 
embodiment of the 
degree of perfec- 
tion Weston Electrical Instruments have achieved. 

Its perfect service has won for it a place on the dashboards and 
cowls of most of the highest-grade domestic and foreign cars. 
It is the Ammeter the Motorist wants, because he knows that 
it will give him real battery service. 

Why take chances with inferior substitutes when you can put 
Weston prestige behind your car? 

When may we talk it over? 


Weston Electrical Instrument Co. 
38 Weston Avenue Newark, N. J. 


Call on us at the New ‘ork Show, SPace D-206. 




























































































New York Cleveland Denver Minneapolis 
Chicago Detroit Cineinnati New Orleans 
Philadelphia St. Louis Pittsburgh Seattle 

Boston San Francisco Richmond Jacksonville 

















Buffalo Rochester 
And in Principal Cities Throughout the World. 
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Serve Unfailingly 


Model B 
transmit maximum motor power constantly 
and dependably. 


Oversize 


Joints are designed and built to 
Transmission Oil is force 
fed to centrifugal 
action, assuring positive lubrication. 


Bearings by 
Feeding 
Model B 


require a minimum amount 


is simplified by a single opening in 
joints and they 
of attention. 


Drop forged yokes in one piece give them 


Brute Strength. 


A REQUEST BRINGS 
FURTHER DETAILS 


Blood-Bros. Machine Co. 


Pioneer Builders of Universal Joints—=—_ 


F. Somers Peterson Co., 
San Francisco, California 


Allegan Michigan 


Weidely Bulldog Motors 


for Automotive Power 


The remarkable staying powers of 
Weidely “Bulldog” Motors are 
vouched for by “thousands of users 
Engi- 


over a long period of time. 
neers have endorsed the Weidely 


design and construction. Used on 
Cleveland Tractors for years. 

Built to meet your requirements for 
tractor, truck or passenger car ser- 
vice. Our plant is completely 
equipped with highly specialized ma- 
chinery for quantity manufacture. 
Our engineering department will 
send you complete specifications and 
data. Let us send you our latest 
Bulletins. 


WEIDELY MOTORS COMPANY 


Main Office and Factory 
Indianapolis, Ind., U. S. A. 


New York - John M. Steinau, 2 Columbus Circle 
San Francisco--F. Leroy Hill, 96 Ninth St. 
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PERMANENT 
/| /MAGNETS 


Your order for Stromberg-Carlson perma- } 
nent magnets insures delivery of a flawless 
product which is uniformly forged, uni- 
formly machined and_ uniformly heat 
treated 

r\ J yf . . ‘ 
| \ contract for your annual requirements « 
' magnets placed /Yf 
{ { ie. ° 
.. with this com | 
‘ 










\ pany, frees you 
o> from worry about 
\ magnet quality ‘| 
. and guarantees de- | 








=) liveries when you | 
+ want them. 
= Let us send one of 
} our engineers to go 
' ver your needs with 





you. 






ot | Oo ‘ tee 


STROMBERG: CARLSON TEL. MFG. Co. 


ROCHESTER,NEW YORK 





‘@ TEAGLE 





Always associate atin “Qualities ¢ with 






Conforms to S. A. E. Standards 
THE TEAGLE CO., Cleveland, O. 


You want to know more about this simplest magneto— 
write 1128 Oregon Avenue for details. 
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SIMPLE, EXPEDITIOUS 
UNFAILINGLY EFFICIENT AND INEXPENSIVE 
A new patented, quick-acting dust cap which does 
away altogether with the long and sometimes difficult 
process of screwing on or off. 
It slips over the valve-stem and locks with one turn. 
When you want it to come off—and not till then—one 
turn in the other direction unlocks it. 

Price, 50 Cents per Set of Four 
at your dealer’s or 
A. SCHRADER’S SON, INC. 
Brooklyn, N. Y. 


NO 
DRILLING 
NO 
PINNING 


.- - MAGEE 
Indestructible Hub Odometer 


With Automatic Drive 

SALES AND SERVICE 
Atlanta Los Angeles Providence 
Boston Milwaukee San Francisco 
Buffalo Newark St, Louis 
Chicago New Haven Seattle 
Cleveland New Orleans Washington 
Detroit Philadelphia London, Eng. 

Pittsburgh 
AMERICAN TAXIMETER CO. 

Rt at St. and pontiac eid 


Less to Clean 








Why It Costs 


Metal Parts 
With Oakite 


Leek AT THE DROP OF 
OIL in the lower right 
corner. The central portion 
shows how a drop of oil 
emulsified by Oakite looks un- 
der a microscope that magni- 
fies it 1,000 times. 


Notice how the oil is broken 
up into minute globules. In 
an emulsion the particles of oil 
are constantly in violent mo- 
tion. The adhesive nature of 
the oil has been destroyed. 
This explains why the oil so 
readily passes from the metal 
surface into the Oakite solu- 
tion. 


Emulsification is a physical 
action, and does not use up the 
Oakite. Hence, a small quan- 
tity of Oakite will do a great 
deal of cleaning. 


A plant that formerly used 
lye to strip enamel from metal 
parts now does as much work 
with Oakite in 15 minutes as it 
ated did in 3 hours with 
ye. 


Another concern that used 
soda ash adopted Oakite ma- 
terials and is saving $83.52 a 
week, 


If YOU can clean your work 
in less time and with fewer 
men, it will mean _ saving 
MONEY. 


Write for our booklet— 
Modern Metal Cleaning. 
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STORAGE BATTERIES 


ESTABLISHED 1907 


December, 1920 


The Use 
and Abuse 
of Ball 
and Roller 
Bearings 


By 
F. J. JAROSCH 
Chief Engineer 
Bearings Company of 
merica 




















The Ultimate in Storage Battery Engineering 





This booklet is being used today as an 
authority by many of the leading engi- 
neers. It will assist in finding the true 
cause of trouble and will tell how to over- 
come it. 


“The Use and Abuse of Ball and 
Roller Bearings” should be a part of every 
engineer's library. 


Please send for Booklet 95-Z— it's free. 
Joseph Dixon Crucible{Co. 


p Jersey City, N. J. 
Established 1827 


















Manufactured by 


PAUL M. MARKO & CO., INC. 
Main Office and Works 
1402-1412 ATLANTIC AVE. BROOKLYN, N. Y. 
INTERESTING LITERATURE WILL BE SENT ON REQUEST 














INTERNATIONAL 
METAL HOSE C0. , inc. 


We Can Make Prompt Deliveries 









Manufacturers of 
FLEXIBLE CARBURETOR, 
EXHAUST AND WIRE 


CASING ts Nu Ls 
VIBRATION 
Also f One Result of Excessive Speed 












STEEL OIL TUBING HE most destructive agent of 
subj to es th R truck « and. it be 
I s t 
FLEXIBLE varies in direc « peepeelem’ oo" tin 
truc spee 
METAL HOSE AND TUBING ceil hap EP Ser OT 


tion to a minimum by making it 
impos sible for the truck to exceed 


For all purposes a reasonable sp 


Send us your inquiries The Pierce Governor Co. 


““World’s Largest Governor Builders’’ 


Harvard Ave. at E. 103 Anderson, Indiana, U. S. A. 
CLEVELAND 
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By Reputation —‘The Best ‘Con Shafts Made” 


Motors and 
‘Transmissions 


FOR HIGH GRADE 
AUTOMOBILES & TRUCKS 


ALUMINUM BRASS AND BRONZE 
CASTINGS 


QUALITY DIE CASTINGS 


A WELL EQUIPPED, WELL ORGANIZED 
SHOP TRAINED FOR DOING GOOD WORK. 


| } Light M’f’g & Foundry Co. 


POTTSTOWN, PA. 





AUTOMOTIVE ENGINEERS 


AOS Gl OY ti Bos a = 


The Material 
With a 
Million Uses 


Perhaps that accounts for 
the really unusual develop- 
ment in the uses of VUL- 
COT Fibre. 


The ease with which it is 
sawed, machined, drilled, 
stamped and threaded has 
won it universal favor for 
use in thousands of mechani- 
cal parts that were formerly 
made of leather, rawhide, 
hard rubber, horn, etc. 


It is readily procurable at all 
times, and much less expen- 
sive than most of the mate- 
rials it replaces. Absolutely 
uniform in density, tough- 
ness and wear resistance, 
and perhaps the most adapt- 
able insulating material 
known. 


We supply it in sheets, rods 
or tubes, or we will gladly 
machine it to your specifica- 
tions. 


BY INVITATION 


AMERICAN VULCANIZED FIBRE 





Write for a very interesting little 
booklet—‘‘The material with a mil- 
lion uses.’’ 


co. 


521 Equitable Bldg., Wilmington, Del 


RANCISCO TT. NTREAL Toronto ~~) 
ROBT SANS pel ANGELES SPP REM ARTF 


Lie 
Beco 


Mtw YORK USA 


VUL-COT Fibre 
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TRADE MARK 


Ban7zam, Conn., OSA. 





























There is a 
TEXACO LUBRICANT 


For Every Purpose 


Johns-Manville 


Automotive Equipment 


Non-Burn Asbestos Brake Band Lining. 

Johns-Manville Brake Lining for Ford 
Cars. 

Johns-Manville Clutch Rings and Facings. 

Johns-Manville Speedometers. 













Shop or Power Plant, Aero- 


° Johns-Manville Speedometers for Ford 
plane, Automobile, Truck i ee a $i ss . 
1e ones ecoraer or ommercia 

Tractor or Motor Boat Vehicles. 


Johns-Manville Hub Odometer. 


Johns-Manville Hub Odometer for Ford 
Commercial Vehicles. 


Johns-Manville Auto Tape. 
Johns-Manville Packings for Automobiles. 
“Noark” Auto Lighting Fuses and Clips. 


Our magazine LUBRICATION is a part of 
Texaco Service. It is devoted to Lubricants 
and their application, exclusively, and sent 
Free to all interested in the subject. 


You can get a copy each month by asking us Jouns- 


Se te ANVILLE 
to put your name on our mailing list. SERVICE 


JOHNS-MANVILLE 


(Incorporated) 


\ The Texas Company 
17 Battery Place, New York City 

New York Chicago Houston 

Offices in Principal Cities 


TEXAC 





New York City 
10 Factories—Branches in 64 Large Cities 


y 
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UNION DRAWN STEEL Co. 
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Eanes BESSEMER 
Branches: 
General Offices: onaties Screw Steel LOPEN HEARTH org 
ICKEL—1 6 ew ser 
eniaati asia OR Alloy Steels | NICKEL CHROMIUM — auton 
(Heat Treated or not) | CHROMIUM Botton 
Works: TURNED CHROMIUM—VANADIUM, ETC. Philadelphia 
. —— Axles, Piston Rods ing 
eaver Falls, Pa. AND S “al Sh Chicago 
and Gary, Ind. pecia apes Buffalo 
POLISHED | Special Case-Hardening Steels Cleveland 


Crucible and Electric Furnace Steels 


COLUMBIA STEEL & SHAFTING CO. 


MILLS GENERAL OFFICES 
PITTSBURGH, PA. 





COLD FINISHED STEEL PRODUCTS 


Free Cutting Screw Stock -- “Columbia” Turned 
and Polished Shafting -- Axle and Alloy Steel 
Special Shapes 


SALES OFFICES AND WAREHOUSES 


BOSTON CLEVELAND DETROIT 
SALES OFFICES: New York Philadelphia Chicago Dayton 
SALES REPRESENTATIVES: Atlanta Denver Portland 
EUROPEAN: Columbia Steel & Engineering Co., Ltd., London, Eng. 


NAN AMANANAAANAAAAUAALANAAANAUL ALAC AAALAC jmus. iia 1) Peed 


Ni —with a second system 


Light and Heavy 
to spur the motor to Metal 
super-service. 


xy) ric < Lt &, 
‘. re 2a 
Wf » all 
3] 
OMBINES two separate and distinct systems in 4 we Ra 
one—a Single Spark System, most economical of ng . 
gas, and offering vastly increased power, A Sec- . ven 


ondary or High Frequency System which delivers 
to each cylinder a stream of a thousand sparks a y 
second—overcomes abnormal conditions, such as 
foul spark plugs, poor fuel, poor carburetion, and 


cold cylinders—offers 100% Assurance against ignition 
failure. 



















MANUFACTURERS of STRIP STEEL 
HOT and COLD ROLLED 


tal d rial 1 iti 
catalogues and our special sales proposition on Worcester Pressed Steel Company 


PHILBRIN CORPORATION WORCESTER, MASSACHUSETTS 
517 So. Broad Street Kennett Square, Pa. Branch Offices 


Easy to install, moderate in price. Descriptive 


New York Chicago Detroit Indianapolis 
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SHEET METAL STAMPING 


We are building axle housings, brake drums, 
and «ther parts for the heaviest motor trucks 
ever built, and have ample capacity for still 
heavier. 


With our complete equipment we cover the 
entire sheet metal stamping line. 
We solicit your inquiries. 


THE CROSBY COMPANY 


omen BUFFALO, N.Y. ies 


New York Office: 30 Church Street 


*““FRASSTEELS”’ 


A GOOD GRADE FOR 
EVERY PURPOSE 


COLD FINISHED STEEL 


Electric—Open Hearth—Bessemer 


TOOL and ALLOY STEELS 
Hot Rolled Bars—Billets 
FRASSE SUPERIOR 

DRILL ROD 





Distributors 
Peter A. Frasse & Co..Inc. 
417 Canal St., New York 
Philadelphia Buffalo 


Manufacturers 


Frasse Steel Works 
Incorporated 
HARTFORD, CONN. 


AUBURN BALL THRUST BEARINGS 


ROSURN T7114 


ANSWER END aaa omen PROBLEMS 
by 4 oe or State Your Problem. 
Brass and Bronze Balls 


AUBURN "BALL BEARING COMPANY 


40 Elizabeth St. 


7 . AUTOMATIC ENGAGING 
& DISENGAGING 


vy ELECTRIC 
STARTERS 


194 Motor Grand Truck Builders Use It 
ECLIPSE MACHINE CO, £4" 











December, 1920 








Cutting Production Costs 


Automobile manufacturers find that 
Acco Cork Gaskets and Washers not only 
make permanently tight and _ leak-proof 
joints, but also tend to reduce the cost of 


production. Machining of metal joint sur- 





faces is an unnecessary expense, for Acco 
Cork is so resilient it takes up all ordinary 
irregularities. 

May we send you samples of Acco Cork 


cut according to your specifications? 


ARMSTRONG CORK COMPANY 
127 Twenty-third Street Pittsburgh, Pa. 





SEVEN STATES NOW REQUIRE 
AUTO MIRRORS 


Several manufacturers of trucks and motor 
cars are now using the Auto Mirror as 
standard equipment. Seven states require 
the installation of mirrors on motor vehicles. 


findview? 


AUTO MIRRORS 


have many desirable features. Detailed 
description of this Auto Mirror may interest 
you. May we send you literature? 


KALES STAMPING COMPANY 


448 W. LafayetteBlvd. 
Detroit, Mich. 





Canadian Plant 
Walkerville, Ont, 


COUNTER BALANCED 
CRANK SHAFTS 


MADE BY 


The PARK DROP FORGE CO. 
CLEVELAND, OHIO 





BROWN-LIPE GEAR Co. 


TRANSMISSIONS 


Brown-Lire. CHAPIN Co. 
DIFFERENTIALS 


Both at Syracuse, N. Y. 
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Perfect Moulded Insulation 


+ 


It excels in 
Heat Resistance 

Dielectric Strength 
Mechanical Strength 

Acid Resistance 
_Accuracy of Dimensions 
Redmanol Chemical Products Co. 
643 W. 22nd St., Chicade. Ill. 










Moulded Box 


STANDARDIZED 
Drilling & Reaming 
Jig Bushings 


Instantly usable without additional grinding or lapping 
Makes bushing replacements easy as the changing of 
or reamers. Johanssen precision dimension 
Made of finest tool steel with metal- 
lurgical control of heat treatment. Send for new 
revised Bushing Data Sheet Book. 


WRIGHT-FISHER BUSHING CORPORATION 


East Grand Boulevard at Woodward 
DETROIT 


drills 


accuracy of .0003”. 





DROP FORGINGS 


The Cleveland Hardware Company 
Cleveland, Ohio 








[ ACME-DIE 


“CASTINGS: 


ALUMINUM-ZINC-TIN &LEAD ALL°YS 


Acme Die-Castin Corp 
















Boston Rochester BrooklynN.Y. roit Chi 
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For all Size Shafts—Any Horsepower 
Shafts Either in Line or at Angle 
SEND FOR FULL INFORMATION. 


I. H. DEXTER CO. 
192 Greenwich Avenue GOSHEN, N. Y. 






ROME-TURNEY 
HELICAL TUBE 
RADIATORS 


fice rN 


bslelabe intel eels 


N 


Their use on America’s best trucks and trac- 
tors is proof of their superiority. 
Ask for our catalog. 
Rome-Turney Radiator Co., Rome,N. Y. 


For Conveying 


Gasoline, Oil and Water 


The ONLY All-Metal hose and tubing made from metal strip. 
Write for Catalogs. 


TITEFLEX METAL HOSE CORPORATION 


Badger Ave. and Runyon St., Newark, N. J. 






Graphite and 


Bronze 


“BOUND BROOK’”’ is the regis- 
tered trade mark of a genuine 
graphite-and-bronze Oil-less Bush- 
ing. 

It represents the final word in the 
manufacture of neglect-proof bush- 
ings, the consummation of nearly 
40 years’ progressive experience. 


We also manufacture ‘‘Nigrum’’ 
impregnated hard-wood l-less 

? PN ava Bushings. 
> BROOK All Genuine Graphited Oil-less 


BK SAINGS Bushings have always been mad 
; we * at Bound Brook, N. J., U. 8. A. 


BOUND BROOK 
OIL-LESS BEARING CO. 
Specialists in the manufacture of 
Oil-less Bushtnge for more than @ 
third of a century 
Bound Brook, New Jersey 
Detroit Office: 1723 Ford Bldg. 


ry at 
aphite & Bronze 
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For strength and dependability use drop-forgings and, if you use drop- 
forgings, specify Williams’ Superior Drop-Forgings. Correspondence invited. 


J. H. Williams @ Co. 


**The Drop-Forging People’’ 
BROOKLYN BUFFALO CHICAGO 
11 Richards St. 11 Vulean St. 1011 W. 120th St, 











We offer our services to the engineering fraternity on layouts requir- 
ing Thrust Ball Bearings. Our broad engineering experience in Ball 
Bearings is at your disposal. 

Thrust Ball Bearings manufactured to your requirements. 


“Star” Ball Retainers for Thrust, Magneto and Cup and Cone 
Bearings. 


Drop Forgings 


THE BEARINGS COMPANY OF AMERICA 
LANCASTER, PENNA. 


Detroit, Mich., Office, 1012 Ford Bldg. 
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At Only a Small Cost—the Wood Wheels 
On Your Car Can Be Made 


Distinctively beautiful, 
Easy to clean and keep clean, 
Free from clinging mud and dirt, 


Modern in lines—fully in keeping 
with the rest of the car. 


And these qualities can be added to your wheels without sacrificing a single 


one of their other desirable qualities. 


A letter or postcard will bring full particulars 


LACK MANUFACTURING CO. 


PADUCAH, KY. 





The Velvet 
Clutch 


With the Bull- 
Dog Grip 






For Every Automotive Need 


There is a Detlaff multiple disc clutch of the right 
size for any automotive need, in car, truck or tractor. 
All are of the gear-tooth type, and have the specially 
designed self-compensating springs and the treated 
facings that give the Detlaff clutch a freedom from 
frequent adjustment and a smoothness of action that 
spells complete satisfaction. 





A, D—Gear-tooth drive on all discs. 
B—Lubrication from any convenient point. 
C—Long, easy springs compensate automati- 
cally for facing wear. 
Detlaff clutches will be shown at the National 
Tractor and Implement Show at Columbus, Ohio. 
We will gladly send complimentary tickets on the 
request of interested visitors. 


A. J. Detlaff Company, 126 Lafayette Ave., East, Detroit, Michigan 


96 Ninth St., San Francisco; 202 Chamber of Commerce, Indianapolis; 2 Columbus Circle, New York 














THE JOURNAL OF THE 





SOCIETY OF AUTOMOTIVE ENGINEERS December, 1920 


















A trade mark that is an absolute 
guarantee of Performance, 


Quality and Satisfaction. 


NA Balancing Machines sat- 
isfy their purchasers. None have 
ever been returned, for any rea- 
son whatsoevr. 


Have You Been Disappointed in Your Purchase? 
Have You a Balancing Machine That Does Not Balance? 


R, possibly, you know of some one who has. If you will communicate with us, it is 
not unlikely that we can correct the trouble. 


The trade mark of our company, which is placed on all our balancing machines, 
is composed of the initials of Mr. Akimoff's name, MA 


Every balancing machine sold by us has won not merely one friend, but many. 


Mr. N. W. Akimoff, President of the company, is in active and full 
charge, personally responsible for product and service. 


VIBRATION SPECIALTY COMPANY 


Philadelphia, U. S. A. 









Harrison Building 








so ELDorADO 


the master drawing pencil” 













Few things are more 
important in mechanical 
drafting than that the 
pencil be—wunzform / 








You can-depend on 
Dixon’s Eldorado. The 
4H that you buy today is 


exactly the same as the SAMPLE OFFER 





Write to us on your letterhead, tell 
us the kind of work you do, and we | 
4H you bought yesterday, wil caall yon Sabtendee toe enntpine | 
of the best pencils for your particular 
work. Also write for interesting free 
last week or last year ! booklet—“FinpinGc Your PeEncit.”’ 





| JOSEPH DIXON CRUCIBLE COMPANY, Pencit Dept. 95-J, Jersey Crry, N. 
Canadian Distributors :— A. R. MacDougall & Co., Ltd., Toronto 
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SEM 


ACCURACY 


HE accuracy of Strom bearings insures perfect service 
under all conditions. 


77 





They operate with minimum friction and carry heavy 
loads, thereby increasing power and reducing performance 
costs. 


Strom accuracy is due to the skill with which they are 
designed and the careful inspection after each process in their 
manufacture. 


Strom engineers are always available to help solve your 
bearing problems. 


Radial bearings made in a _ wide 
range of sizes, for light, medium 
and heavy duty. 

Angular contact bearings especially 
designed to suport combinations of 
radial and heavy end thrust loads. 
Thrust bearings made in all types 
and sizes with flat and grooved races. 





U. S. BALL BEARING MFG. CO. 


(Conrad Patent Licensee) 


4533 Palmer St., Chicago, Ill. 


CROFOOT 
GEARS 


“The Standard for Quality’’ 











HEIR ability to successfully meet even the most unusual 
strains in actual service has established in the minds of en- 
gineers a supreme faith in Crofoot Gears. 
Made in small and medium sizes 


(1” to 12” diameter) in large 
quantities only. 


CROFOOT GEAR WORKS, Incorporated 
Boston 37, Hyde Park Ave., at Readville, Mass. 





Trade Mark 
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SOCIETY MEETINGS 


Motor Boat Meeting and Dinner 


New York City—Dec. 14th 
At Automobile Club of America 


Annual Meeting 
New York City—Jan. 11-13 | 


Carnival Annual Dinner 


Jan. 12 Jan. 13 


Chicago Meeting 
Feb. 2 


—————— 


Two Technical Sessions Annual Dinner 


Hotel Morrison 


Feb. 10 


Two Technical Sessions Tractor Dinner 


Hotel Deshler 





Place this in your follow up file 


| 
Columbus Tractor Meeting 


ee 





eee ee Ot 


— 


eee ee 
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‘“‘Made for Constant, 
Dependable 


Service” 


FROUDE issorrrios DYNAMOMETERS 


HAVE PROVED SUCCESSFUL IN THE TEST ROOMS OF MANY MOTOR MANUFACTURERS 


Froude Dynamom- 
eters are built in all 
sizes and in special 


Froude Dynamom- 
eters are scientifi- 
' eS cally and absolutely 
types for testing or | “gee accurate, inexpen- 
running—in either igi sive and easily oper- 
gas engine alone or , fs \ ae : ated. They operate 
complete chassis. rs : ry silently and either 
Each dynamometer \ load or speed or 
has a large capacity a 3 ! both may be varied 
and speed range. C | % while operating. 


eee 
Te dgpomss, > hie 


WRITE FOR BULLETIN F-70 


C. H. WHEELER MFG. CO. 


PHILADELPHIA, PA. 
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Absorbers, Shock 
Houdaille Co. 


Air Brush Outfits 
Kellogg Mfg. Co. 


Ammeters 
Nagel Electric Co., W. G. 
Westinghouse Electric & Mfg. Co. 
Weston Electrical Instrument Co. 


Axle-Housings, Pressed Steel 
Hydraulic Pressed Steel Co. 
Parish & Bingham Corporation 
Smith Corporation, A. O. 


Axles, Front and Rear 
Eaton Axle Co. 
Park Drop Forge Co. 
Timken-Detroit Axle Co. 
Williams, J. H., & Co. 
Wyman-Gordon Co. 


Babbitt Metal 
Merchant & Evans Co. 


Balls, Composition, Control Lever 
American Insulator Co. 


Balls, Steel 
Auburn Ball ~~ om 
New Departure Mfg. 
S K F Industries, 


Bands, Brake 
Raybestos Co. 


Barrels, Steel 
Hydraulic Pressed Steel Co. 


Bars, Bronze Cored 
American Bronze Corporation 


Bars, Iron and Steel 
Interstate Iron & Steel Co. 


Batteries, Storage 
Electric Storage Battery Co. 
Marko & Co., Inc., Paul M. 
Willard Storage Battery Co. 


Battery Parts 
Marko & Co., Inc., Paul M. 


Beams, Channels and Angles 
Interstate Iron & Steel Co. 


Bearing Metal, Babbitt 
Muzzy-Lyon Co. 


Bearing Metal, Bronze 
American Bronze Corporation 
Bridgeport Brass Co. 
Federal Bearing & Bushing Corporation 


Bearings, Babbitt and Bronze 
Doehler Die-Casting Co. 
Federal Bearing & Bushing Corporation 
Muzzy-Lyon Co. 
Stewart Mfg. Corporation 


The Index to Advertisers is given 


Bearings, Ball 
Auburn Ball Bearing Co. 
Bantam Ball Bearing Co. 
Bearings Co. of America 
Fafnir Bearing Co. 
Federal Bearings Co. 
Gurney Ball Bearing Co. 
New Departure Mfg. Co. 
Norma Co. of America 
Oakes Co. 
S K F Industries, Inc. 
U. S. Ball Bearing Mfg. Co. 


Bearings, Ball, Annular Contact 
U. S. Ball Bearing Mfg. Co. 


Bearings, Ball, Radial 
U. S. Ball Bearing Mfg. Co. 


Bearings, Ball Thrust 
Bearings Co. of America 
U. S. Ball Bearing Mfg. Co. 


Bearings, Bronze 
American Bronze Corporation 
Federal Bearing & Bushing Corporation 


Bearings, Graphite and Babbitt 
Muzzy-Lyon Co. 


Bearings, Oilless 
Bound Brook Oil-less Bearing Co. 


Bearings, Roller 
Bower Roller Bearing Co. 
Hyatt Roller Bearing Co. 
Norma Co. of America 
Spicer Mfg. Corporation 
Timken Roller Bearing Co. 


Bells or Gongs, Mechanical 
New Departure Mfg. Co. 


Belting, Fan 
Gilmer Co., L. 
Hide Leather Py Belting Co. 


Belting, Leather 
Hide Leather & Belting Co. 


Belting, Link, Round and V 
Hide Leather & Belting Co. 


Belting, Silent Chain 
Link-Belt Co. 
Morse Chain Co. 
Whitney Mfg. Co. 


Blanks, Gear 
American Manganese Bronze Co. 
Bridgeport Brass Co. 
Central Steel Co. 


Bolts, Chassis 
Steel Products Co. 


Bolts, Coupling 
Steel Products Co. 


Brake Rod Assemblies 
Steel Products Co. 


Brakes 
Raybestos Co. 


Broaches 
LaPointe Co., J. N. 


Broaching Machines 
LaPointe Co., J. N. 


Bulbs, Incandescent Lamp 
Westinghouse Electric & Mfg. Co. 


Bumpers, Protective 
C. G. Spring Co. 


Bumpers, Rubber 
Thermoid Rubber Co. 


Bushings, Babbitt 
Muzzy-Lyon Co. 


Bushings, Bronze 
American Bronze Corporation 
American Manganese Bronze Co. 
Bridgeport Brass Co. 
Federal Bearing & Bushing Corporation 


Bushings, Drilling 
Wright Fisher Bushing Corporation 


Bushings, Oilless 
Bound Brook Oil-less Bearing Co. 


Bushings, Reaming 
Wright Fisher Bushing Corporation 


Cable, Ignition, Starting and Lighting 
Kerite Insulated Wire and Cable Co. 


Camshafts 


Muskegon Motor Specialties Co. 
Wyman-Gordon Co. 


Caps, Hub 
Bridgeport Brass Co. 


Caps, Radiator 
American Insulator Corporation 
Bridgeport Brass Co. 
Redmanol Chemical Products Co. 


Castings, Aluminum, Brass and Bronze 
Acme Die-Casting Corporation 
American Bronze Corporation 
American Manganese Bronze Co. 
Doehler Die-Casting Co. 

Federal Bearing & Bushing Corporation 
Light Mfg. & Foundry Co. 


Castings, Die 
Acme Die-Casting Corporation 
Doehler Die-Casting Co. 
Light Mfg. & Foundry Co. 
Stewart Mfg. Corporation 


Castings, Malleable Iron 
American Malleable Castings Assn. 
Link-Belt Co. 


Chains, Automobile Engine 
Link-Belt Co. 
Morse Chain Co. 
Whitney Mfg. Co. 


on pages 88 and 90 
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akes Kans 


for Efficient Automotive Cooling 
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HE proven ability ot 
Oakes Fans to success~ 
fi ully cool motors under 
every service condition 
explains why they are now 
fac tory equipment on the 
big maj ority of quality 
cars, trucks and tractors 

(The OAKES COMPANY 


/ndianapolis, USA. 


PACIFIC COAST REPRESENTATIVE: A.H.COATES CO. 41 SPEAR ST. SAN FRANCISCO 
———— y= $$ 































































THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 




















December, 1920 








= INDEX TO Apv ERTISE 








Chains, Block 
Morse Chain Co. 
Whitney Mfg. Co. 


Chains, Silent 

_ Link-Belt Co. 
Morse Chain Co. 
Whitney Mfg. Co. 


Chains, Sprocket Wheel 
Link-Belt Co. 
Morse Chain Co. 
Whitney Mfg. Co. 


Chains, Transmission or Driving 
Baldwin Chain & Mfg. Co. 
Link-Belt Co. 

Morse Chain Co. 


Charging Apparatus, Electric Vehicle 
General Electric Co. 
Westinghouse Electric & Mfg. Co. 


Chucks, Quick Change 
Whitney Mfg. Co. 


Clamps, Hose 
Schrader’s Son, Inc., A 


Clamps, Machinists’ 
Williams, J. H., & Co. 


Cleaners, Metal 
Oakley Chemical Co. 


Cleaners, Waste 
Oakley Chemical Co. 


Cleats, Fiber 
American Vulcanized Fibre Co. 


Clutches 
Covert Gear Co. 
Detlaff Co., A. J. 
Fuller & Sons Mfg. Co. 
Hartford Automotive Parts Co. 
Link-Belt Co. 
Merchant & Evans Co. 
Warner Gear Co. 


Collars, Ball Bearing 
Bantam Ball Bearing Co. 


Compounds, Cleaning 
Oakley Chemical Co. 


Compounds, Cutting 
Oakley Chemical Co. 


Compounds, Grinding 
Oakley Chemical Co. 


Compressors, Air 
Kellogg Mfg. Co. 


Conduits and Fittings, Electrical 
National Metal Molding Co. 
Titeflex Metal Hose Corporation 


Connecting-Rods 
Williams. J. H.. & Co 


Connections, Tire Pump 
Schrader’s Son, Inc., A. 


s' Propucrs ) 





Cooling Systems 
G & O Mfg. Co. 
Harrison Radiator Corporation 
McCord Mfg. Co., Inc. 


Couplings, Flexible 
Dexter Co., Inc., I. H. 
Thermoid Rubber Co. 


Cranks, Starting 
Steel Products Co. 


Crankshafts 
Park Drop Forge Co. 
Williams, J. H., & Co. 
Wyman-Gordon Co. 


Cutters, Keyway 
Whitney Mfg. Co. 


Differentials 
Brown-Lipe Chapin Co. 
New Process Gear Corporation 
Ross Gear & Tool Co. 
Warner Gear Co. 


Disks, Clutch 
Hide Leather & Belting Co. 
Thermoid Rubber Co. 


Disks, Steel Clutch 
Oakes Co. 


Drive, Electric Motor 
Eclipse Machine Co. 


Drives, Silent Chain 
Link-Belt Co. 
Morse Chain Co. 
Whitney Mfg. Co. 


Drop Forgings (See Forgings, Drop) 


Drums, Brake 
Raybestos Co. 


Drums, Pressed Steel Brake 
Crosby Co. 
Hydraulic Pressed Steel Co. 
Oakes Co. 
Parish & Bingham Corporation 


Engines, Passenger-Car 
Weidely Motors Co. 


Engines, Tractor 
Hinkley Motors Corporation 
Light Mfg. & Foundry Co. 
Weidely Motors Co. 


Engines, Truck 
Continental Motors Corporation 
Hinkley Motors Corporation 
Light Mfg. & Foundry Co. 
Weidely Motors Co. 


Facings, Clutch 
Hide Leather & Belting Co. 
Johns-Manville, Inc. 
Raybestos: Co. 
Thermoid Rubber Co. 


Fans. Radiator Cooling 
Oakes Co. 
Sparks-Withington Co. 


The Index to Advertisers 1s given on pages 88 and 90 








Fasteners, Snap 
Scovill Mfg. Co. 


Ferro Molybdenum 
Climax Molybdenum Co. 


Fiber, Vulcanized 
American Vulcanized Fibre Co. 


Forgings, Bronze 
American Manganese Bronze Co. 


Forgings, Drop 
Bearings Co. of America 
Cleveland Hardware Co. 
Smith Corporation, A. O. 
Spicer Mfg. Corporation 
Williams, J. H., & Co. 
Wyman-Gordon Co. 


Forgings, Magnet 
Stromberg-Carlson Telephone Mfg. Co. 


frames, Pressed Steel 
Hydraulic Pressed Steel Co. 
Parish & Bingham Corporation 
Smith Corporation, A. O. 


Fuel Feed Systems 
Sparks-Withington Co. 


Fuses, Automobile Lighting, 
Johns-Manville, Inc. 


Gages, Tire Pressure 
Schrader’s Son, Inc., A. 


Gaskets, Cork 
Armstrong Cork Go. 


Gaskets, Fiber 
American Vulcanized Fibre Co. 


Gaskets, Leather 
Hide Leather & Belting Co. 


Gaskets, Metallic 
McCord Mfg. Co. 


Gasoline 
Texas Co. 


Gears, Bevel 
Crofoot Gear Works, Inc. 
Link-Belt Co. 
New Process Gear Corporation. 
Warner Gear Co. 


Gears, Differential 
Van Dorn & Dutton Co. 


Gears, Miter 
Link-Belt Co. 


Gears, Speedometer 
Van Dorn & Dutton Co. 


Gears, Spur f 
Crofoot Gear Works, Inc. 
Link-Belt Co. 
New Process Gear Corporation. \ 
Warner Gear Co. 


Gears, Steering ¢ 
Ross Gear & Tool Co. 
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RICH TOOL COMPANY 


Railway Exchange Bldg., Chicago, IIl. Kresge Building, Detroit, Mich. 


The cuts below represent valves used in some of the best known present day Aero- 
plane, Motor Boat and Racing Automobile Engines. They are all products of this 
Company and most of them have been produced in large quantities and have, therefore, 
been thoroughly tested in service. 


Needless to say, they are all Tungsten Steel, but we also make one-piece forged 
valves of all other commonly used Alloy Steels, in the manufacture of which we exer- 
cise the same care as is used in our Tungsten Valve materials. 


One of the newer types of valves which we have been making in very large quanti- 
ties for the past two years is our Hi-Chromium Valve, which has some very remarkable 
properties. It is for some purposes an excellent valve and we solicit inquiries from 
those who are troubled by a persistent burning away of the seats of the valves in their 
motors. 


We also have a material called Cobalt-Crom that possesses the qualities of High- 
Chromium as relates to resistance to burning, together with a resistance to abrasion or 
wear and a strength when red hot more nearly comparable to that of High-Tungsten. 
This material offers excellent promise of good results in engines running for long periods 
under heavy load without attention, such as marine motors and tractor motors. 





Our Engineering Department is at your service on all 
questions concerning suitability of material and design. 
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Gears, Timing 
General Electric Co. 
Van Dorn & Dutton Co. 


Gears, Transmission 
Brown-Lipe Gear Co. 
Crofoot Gear Works, Inc. 
Morse Chain Co. 

Van Dorn & Dutton Co. 
Warner Gear Co. 
Wyman-Gordon Co. 


Gears, Worm 
Link-Belt Co. 
New Process Gear Corporation 


Generators, Battery Charging (for Elec- 
tric Vehicles 
General Electric Co. 
North East Electric Co. 
Westinghouse Electric & Mfg. Co. 


Generators, Ignition and Lighting 
North East Electric Co. 
Westinghouse Electric & Mfg. Co. 


Governors, Engine 
Pierce Goveruor Co. 


Graphite 
Dixon Crucible Co., Jos. 


Greases, Cup and Gear 
Dixon Crucible Co., Jos. 
Texas Co. 


Hangers, Pressed Steel Step 
Parish & Bingham Corporation 


Heaters, Car Body 
Perfection Heater & Mfg. Co. 


Heaters, Mixture 
Master Primer Co. 


Hinges, Door 
Oakes Co. 


Horns, Automobile 
Sparks-Withingtén Co. 


Hose, Gasoline 
Thermoid Rubber Co. 
Titeflex Metal Hose Corporation 


Hose, Radiator 
Hide Leather & Belting Co. 
Thermoid Rubber Co. 


Hydraulic Suspension 
Houdaille Co. 


Ignition Apparatus 
Atwater Kent Mfg. Co. 
Eisemann Magneto Corporation 
Electric Storage Battery Co 
North East Electric Co. 
Philbrin Corporation 
Stromberg-Carlson Telephone Mfg. Co. 
Westinghouse Electric & Mfg. Co. 


Ingots, Manganese Bronze 
American Manganese Bronze Co. 


Instruments. Electric Measuring 
General Electric Co. 
Weston Electrical Instrument Co. 


instruments, Measuring and Testing 
Norma Co. of America 


Instruments, Tape Recording 
American Taximeter Co. 


Insulation, Molded 
American Insulator Corporation 
General Bakelite Co. 


Joints, Universal 
Blood Brothers Machine Co. 
Dexter Co., Inc., I. H. 
Hartford Automotive Parts Co. 
Merchant & Evans Co. 
—— Mfg. Corporation 
Thermoid Rubber Co. 


Keys, Woodruff 
Whitney Mfg. Co. 


Lamps, Truck, Tractor, Passenger Car 
General Electric Co. 


Lead Burning Outfits 
General Electric Co. 


Leathers, Automobile, Clutch Lace 
Hide Leather & Belting Co. 

Levers, Speed Control 
Detlaff Co., A. J. 
Warner Gear Co. 


Linings, Brake 
Hide Leather & Belting Co. 
Johns-Manville, Inc. 
Raybestos Co. 
Thermoid Rubber Co. 


Linings, Frame 
Gilmer Co., L. H. 
Hide Leather & Belting Co. 


Linings, Transmission 
Hide Leather & Belting Co. 
Raybestos Co. 


Links, Drag 
Steel Products Co. 


Lubricants 
Dixon Crucible Co., Jos. 
Texas Co. 


Lubricating Systems 
Advance Products Corporation 


Lubricators 
Advance Products Corporation 
McCord Mfg. Co., Inc. 
Madison-Kipp Corporation 
Merchant & Evans Co. 


Magnetos 
American Bosch Magneto Corporation 
Eisemann Magneto Corporation 
Teagle Co. 


Magnets, Permanent 


Stromberg-Carlson Telephone Mfg. Co. 


Motors, Electric Vehicle 
General Electric Co. 
Westinghouse Electric & Mfg. Co. 


Motors, Gasoline. (See Engines.) 


Motors, Starting. (See Starters, Electric 
Engine.) 


Nails 
Interstate Iron & Steel Co. 


Odometers, Hub 
American Taximeter Co. 


Oil Cups 
Advance Products Corporation 
Madison-Kipp Corporation 


Oilers, Mechanical 
Advance Products Corporation 
Madison-Kipp Corporation 


Oil Reclaimer 
Oakley Chemical Co. 


Oils, Lubricating 
Texas Co. 


Paints 
Dixon Crucible Co., Jos. 


Pencils 
Dixon Crucible Co., Jos. 


Pinions 
Van Dorn & Dutton Co. 


Pins, Piston 
Steel Products Co. 


Power Take-off 
Fuller & Sons Mfg. Co. 


Power Transmission Machinery 
Link-Belt Co. 
Morse Chain Co. 
Whitney Mfg. Co. 


Primers, Engine 
Master Primer Co. 


Propeller-Shaft Assemblies 
Blood Bros. Machine Co. 
Hartford Automotive Parts Co. 
Spicer Mfg. Corporation 


Pumps, Air 
Kellogg Mfg. Co. 


Pumps, Oil 
Madison-Kipp Corporation 


Pumps, Tire 
Kellogg Mfg. Co. 


Radiators 
Fedders Mfg. Co. 
G & O Mfg. Co. 
Harrison Radiator Corporatioa 
McCord Mfg. Co., Inc. 
Marlin-Rockwell Corporation 
Rome-Turney Radiator Co. 
Sparks-Withington Co. 


Rectifiers, Battery Charging 
General Electric Co. 
Westinghouse Electric & Mfg. Co. 


Retainers, Ball 
Bearings Co. of America. 


Rings, Piston 
American Hammered Piston Ring Ce. 
Piston Ring Co. 


Rivets 
Interstate Iron & Steel Co. 


The Index to Advertisers 7s given on pages 88 and 90 
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—like a valve 
department in 
your own plant 


We maintain the same high standards that you re- 


quire in your own manufacturing divisions. 


—selection of raw material 


Our metallurgists inspect and test every shipment of steel 
as carefully as you do that used in the other vital parts of 
the car. 


—scientific heat treatment 


Our heat treating processes have been constantly studied and 
improved in accordance with the best current practice in the 


automobile industry. 


—standardized manufacturing methods 


Every department is organized and directed to produce maxi- 
mum result with minimum effort—keeping pace with the 


increasing efficiency in automobile manufacture. 


THE STEEL PRODUCTS CO. 


MANUFACTURERS OF 


MAIN PLANT BOLT ard SCREW PLANT MICHIGAN PLANT 
CLEVELAND CLEVELAND DETROIT 
VALVES CHASSIS BOLTS DRAG LINKS 
TAPPETS SPECIAL BOLTS ROD ASSEMBLIES 
SPRING, KING AND CAP SCREWS STARTING CRANKS 


TIE ROD BOLTS ETC. ETC. 


MONA 
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Rods, Brass 
Bridgeport Brass Co. 
Scovill Mfg. Co. 


Rods, Fiber 
American Vulcanized Fibre Co. 


Roller Bearings. (See Bearings, Roller.) 


Rust Preventatives 
Oakley Chemical Co. 


screw Machine Products 
Bridgeport Brass Co. 
Link-Belt Co. 
Seovill Mfg. Co. 
Spicer Mfg. Corporation 


Screws, Cap 
Scovill Mfg. Co. 
Steel Products Co. 


Screws, Machine 
Scovill Mfg. Co. 


Shafting, Cold Drawn 1 
Columbia Steel & Shafting Co. 


Shapes, Cold Drawn : 
Columbia Steel & Shafting Co. 


Sheets, Brass 
Bridgeport Brass Co. 
Scovill Mfg. Co. 


Shims, Bearing 
Laminated Shim Co., Inc. 


Soldering Irons 
General Electric Co. 


Speed Controlling Devices 
Pierce Governor Co. 


Speedometers 
Johns-Manville, Inc. 


Springs, Flat Leaf 
C. G. Spring Co. 


Sprockets 
Baldwin Chain & Mfg. Co. 
Link-Belt Co. 
Morse Chain Co. 


Stampings 
Bridgeport Brass Co. 
Crosby Co. 
Hydraulic Pressed Steel Co. 
Kales Stamping Co. 
McCord Mfg. Co., Inc. 
Oakes Co. ' 
Parish & Bingham Corporation 
Smith Corporation, A. O 
Spicer Mfg. Corporation 
Worcester Pressed Steel Co. 


Starters, Electric Engine 
North East Electric Co. 
Westinghouse Electric & Mfg. Co. 


Starting, Automatic Meshing Drive for 
Eclipse Machine Co. 








Steel, Alloy 
Central Steel Co. 
Columbia Steel & Shafting Co. 
Frasse & Co., Inc., Peter A. 
Interstate Iron & Steel Co. 
Simonds Mfg. Co. 


Steel, Axie 
Central Steel Co. 


Steel, Bessemer and Open-Hearth 
Columbia Steel & Shafting Co. 


Steel, Bright Finished 
Union Drawn Steel Co. 


Steel, Chrome 
Interstate Iron & Steel Co. 


Steel, Chrome Nickel 
Interstate Iron & Steel Co. 


Steel, Cold Drawn 
Columbia Steel & Shafting Co. 
Union Drawn Steel Co. 


Steel, Electric Furnace 
Simonds Mfg. Co. 


Steel, Molybdenum 
Climax Molybdenum Co. 


Steel, Nickel 
Columbia Steel & Shafting Co. 
Interstate Iron & Steel Co. 


Steel, Screw 
Columbia Steel & Shafting Co. 
Union Drawn Steel Co. 


Steel, Silico-Manganese 
Interstate Iron & Steel Co. 


Steel, Strip 
Worcester Pressed Steel Co. 


Switchboards, Charging 
Electric Storage Battery Co. 
General Electric Co. 


Switches, Lighting and Starting 
Westinghouse Electric & Mfg. Co. 


Tacks 
Interstate Iron & Steel Co. 


Tanks, Air 
Janney, Steinmetz & Co. 


Tanks, Gasoline 
Janney, Steinmetz & Co. 


Taximeters 
American Taximeter Co. 


Telephone Systems 


Stromberg-Carlson Telephone Mfg. 


Tool Holders 
Williams, J. H., & Co. 


The Index to Advertisers is gtven on 
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Torsion-Rod Assemblies 
Steel Products Co. 


Transmissions 
Brown-Lipe Gear Co. 
Covert Gear Co. 
Fuller & Sons Mfg. Co. 
Link-Belt Co. 
Morse Chain Co. 
Warner Gear Co. 


Tubing, Brass 
Scovill Mfg. Co. 


Tubing, Copper 
Bridgeport Brass Co. 


Tubing, Fiber 
American Vulcanized Fibre Co. 


Tubing, Helical 
Rome-Turney Radiator Co 


Tubing, Rubber 
Thermoid Rubber Co. 


Tubing, Steel 
Frasse & Co., Inc., Peter A. 
Smith Corporation, A. O. 


Valves, Poppet 
Rich Tool Co. 
Steel Products Co. 


Valves, Tire 
Schrader’s Son, Inc., A. 


Voltmeters 
Nagel Electric Co., W. G. 
Westinghouse Electric & Mfg. Co. 
Weston Electrical Instrument Co. 


Washers, Cork 
Armstrong Cork Co. 


Washers, Fiber 
American Vulcanized Fibre Co. 


Washers, Special 
Kales Stamping Co. 


Welding, Electric 
Steel Products Co. 


Welding Outfits, Oxy-acetylene 
Steel Products Co. 


Wheels, Motor Truck 
Automotive Wood Wheel Mfrs. Ass’n 


Wheels, Pressed Aluminum 
Lack Mfg. Co. 


Wheels, Sprocket 
Link-Belt Co. 
Whitney Mfg. Co. 


Wire and Cable, Insulated 
General Electric Co. 


Worms and Worm Gears 
American Manganese Bronze Co. 
Van Dorn & Dutton Co. 


Wrenches 
Williams, J. H., & Co. 
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IGAIN WARNEI 
GEARS WIN 


N carrying the two Lexingtons across 
the finish line ahead of the entire 
field in the Pikes Peak Hill Climb, 

Warner Gears again proved their great 
reserve of strength and safety. 





They meshed power with traction un- 
der brutal stress, strain and impact— 
an example of the predominant worth 
that is today essential to the success of 
every automotive manufacturer. 


For the makeshift car is doomed. Only 
long life and protracted service meet the 
new standards of public requirement. 





Economy is the watchword and econ- 
omy demands endurance. Warner 
Gears give that outstanding guarantee. 


GEAR 


COMPANY 
MUNCIE INDIANA 
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N the modern, high-efficiency Motor Truck, 
operating often at High Speeds, friction re- 


duction has become a matter of vital impor- 
tance. 


Covert Transmissions and Covert Clutches 
do not wastefully Absorb power; they faith- 
fully Deliver it. 


Because of this well-established fact, a stand- 
ard, ball-bearing Covert Clutch and Trans- 
mission unit equipped the Duplex Limited 
Truck which recently traveled, with full load, 


935 miles, in a continuous non-stop run of 24 
hours. 


Manufacturers of automotive vehicles to 
whom Quality and Performance are conscien- 
tiously paramount, specify Covert equipment. 


They furnish it to you in their completed 
vehicles at a price no greater than that of 


other vehicles equipped with other clutches 
and transmissions. 


See to it that the Truck, Passenger Car or 
Tractor you buy is Covert-equipped. 


COVERT GEAR COMPANY, Inc. 


Sales, Engineering and Factory: Lockport, N. Y. 
Export Offices: 100 Broad Street, New York City 
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In the Following Alloys ce ne 
Chromium, 314% Nickel, Chrome-Nickel, ——— 
Chrome-Vanadium, Silico-Manganese, and aeeemionernes 
Special Analysis Open Hearth Alloy Steels —————2 


Monroe Bldg. 





ALLOY STEEL BARS SS 


Hot Rolled, Turned, Annealed, Cold Drawn, Heat Treated, a 
Machine Cut; Machine Straightened, Cracker Sheared ————— 


Do You Receive Our Stock List? 


Interstate Fron & Steel Company == 
104 S. Michigan Ave. 


District Offices: 
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The Right Type for 


Each Service 


Backed by an experience that 
dates from the industry's begin- 
ning, Fedders offers a choice of 
various radiator types to best meet 
the special cooling demands of 
each vehicle. 


Big seven-ton trucks, light de- 
livery cars, the highest priced 
limousines and the special-cooled 
runabout, all are proving in daily 
service that Fedders Radiators 
best solve their meter cooling 
problems. 


“Ask Fedders” 


Fedders 


Manufacturing Co., Inc. 
Buffalo, N. Y. 
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The C. G. Spring Company 


Christian Girl, 
President 


OPERATES 


A moderate sized plant devoted 
to the manufacture of 


Quality Flat Leaf Springs 


CONDUCTS 


A sample department under the 
supervision of competent en- 
gineers. 


Kalamazoo, Mich. 





=ILIOSE who appreciate 

® fine engineering will 
regard Eaton equip- 

ment an added reason for 
buying a fine motor car or 
motor truck. They will see 
in the quality of the metal, 
as in the rare skill which 
shaped it, a pledge of great en- 
durance and flawless service. 


THE EATON AXLE COMPANY, CLEVELAND, OHIO 
THE AXLE DIVISION OF THE STANDARD PARTS COMPANY 


OTHER DIVISIONS ARE: THE PERFECTION SPRING COMPANY, THE 
BOCK BEARING COMPANY, THE STANDARD WELDING COMPANY 
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